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LUBRICATION AND SELF-CLEANING SYSTEM FOR EXPANSION 

MANDREL 



Abstract of the Disclosure 

An expansion mandrel includes a lubrication system for lubricating the trailing 
5 edge portion of the interface between the expansion mandrel and a tubular member 
during the radial expansion of the tubular member. 
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Invention Title: "Lubrication and self-cleaning system for expansion 

mandrel" 

The following statement is a full description of this invention, including the best method 
performing it known to : 
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BACKGROUND OF THE INVENTION 

This invention relates generally to expanding tubular members, and is particularly 
concerned with an expansion cone for expanding a tubular member, and with apparatus for 
radially expanding a tubular member. The invention finds use particularly in wellbore casings, 
5 and the invention extends to wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of drilling 
fluid into the formation or inflow of fluid from the formation into the borehole. The borehole 
is drilled in intervals whereby a casing which is to be installed in a lower borehole interval is 
10 lowered through a previously installed casing of an upper borehole interval. As a consequence 
of this procedure the casing of the lower interval is of smaller diameter than the casing of the 
upper interval. Thus, the casings are in a nested arrangement with casing diameters decreasing 
in downward direction. Cement annuli are provided between the outer surfaces of the casings 
and the borehole wall to seal the casings from the borehole wall. As a consequence of this 
15 nested arrangement a relatively large borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased costs due to heavy cas.ng 
handling equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters drilled m the 
20 course of the well, and the larger volume of cuttings drilled and removed. 

Conventionally, at the surface end of the wellbore, a wellhead is formed that typ.cally 
includes a surface casing, a number of production and/or drilling spools, valving, and a 
Christmas tree. Typically the wellhead further includes a concentric arrangement of casmgs 
including a production casing and one or more intermediate casings. The casings are typically 
supported using load bearing slips positioned above the ground. The conventional design and 
construction of wellheads is expensive and complex. 

Conventionally, a wellbore casing cannot be formed during the drilling of a wellbore. 
Typically, the wellbore is drilled and then a wellbore casing is formed in the newly drilled 
section of the wellbore. This delays the completion of a well. 
30 The present invention is directed to overcoming one or more of the limitations of the 

existing procedures for forming wellbores and wellheads. 



25 
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Summary Of The Invention 

According to a first aspect of the present invention, an expansion cone for expanding a 
tubular member is provided that includes a housing including a tapered first end and a second 
end, one or more grooves formed in an outer surface of the tapered first end and adapted to 
5 supply a lubricant to the outer surface and one or more axial flow passages fluidicly coupled to 
the grooves. 

According to a second aspect of the present invention, there is provided apparatus 
comprising a housing including a frustoconical portion and a cylindrical portion, one or more 
grooves formed in the outer surface of the frustoconical portion and adapted to supply a 

10 lubricant to the outer surface and one or more axial flow passages formed in the housing 
fluidicly coupled to the grooves. 

According to a third aspect of the present invention, there is provided apparatus for 
radially expanding a tubular member, comprising a tubular support member defining a first 
longitudinal passage extending therethrough, an expansion cone coupled to the tubular support 

15 member comprising a housing including a tapered first end and a second end and defining a 
second longitudinal passage extending therethrough that is fluidicly coupled to the first 
longitudinal passage, one or more grooves formed in the outer surface of the tapered first end 
and adapted to supply a lubricant to the outer surface, and one or more axial flow passages 
fluidicly coupled to the grooves, an expandable tubular member movably coupled to the 

20 tapered first end of the expansion cone, and means for displacing the expansion cone relative 
to the expandable tubular member. 

In each aspect of the present invention, it is preferable that the grooves are either 
circumferential or spiral grooves. The axial flow passages may include a flow channel having 
a first radius of curvature, a first shoulder positioned on one side of the flow channel having a 

25 second radius of curvature and, a second shoulder positioned on the other side of the flow 
channel having a third radius of curvature. Preferably, the first, second and third radii of 
curvature are substantially equal or the second radius of curvature is greater than the third 
radius of curvature. 

In the first and third aspects of the present invention, the grooves are preferably 
30 concentrated around the axial midpoint of the tapered portion of the housing or in a trailing 
edge portion of the tapered first end. 

The axial flow passages in the first and third aspects of the present invention, may 
comprise axial grooves, and preferably such axial grooves are spaced apart by at least about 3 
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inches (about 7.6 cm) in the circumferential direction. 

Alternatively, the axial flow passages of the first and third aspects may be positioned 
within the housing of the expansion cone. Preferably, one or more of the axial flow passages 
includes inserts having restricted flow passages and/or one or more of the flow passages 
5 includes filters. 

The axial flow passages may extend from the tapered first end of the housing to the one 
or more grooves formed in the outer surface of the tapered first end, from the second end of the 
housing to the one or more grooves formed in the outer surface of the tapered first end, or from 
the tapered first end of the housing to the second end of the housing. 

10 In the first and third aspects of the present invention, the cross sectional area of the 

grooves formed in the outer surface of the tapered first end is preferably greater than the cross 
sectional area of the axial flow passages and preferably ranges from about 2x1 0" 4 in 2 to 5x1 0" 2 
in 2 (about HxlO^cm 2 to 32xl0" 2 cm 2 ). Preferably the cross-sectional area of the axial flow 
passages ranges from about 2x10^ in 2 to 5xl0" 2 in 2 (about BxKTW to 32xl0" 2 cm 2 ). 

15 The angle of attack of the first tapered end of the housing in the first and third aspects 

of the present invention preferably, ranges from about 10 to 30 degrees. Preferably, the angle 
of inclination of the axial flow passages relative to the longitudinal axis of the expansion cone 
is greater than the angle of attack of the first tapered end. 

Preferably, the grooves formed in the outer surface of the tapered first end include a 

20 flow channel having a first radius of curvature, a first shoulder positioned on one side of the 
flow channel having a second radius of curvature, and a second shoulder positioned on the 
other side of the flow channel having a third radius of curvature. More preferably, the first, 
second and third radii of curvature are substantially equal. Alternatively, the second radius of 
curvature may be greater than the third radius of curvature. 

25 In the second aspect of the present invention, the grooves may be concentrated around 

the axial midpoint of the frustoconical portion of the housing or concentrated in a trailing edge 
portion of the frustoconical portion of the housing. 

The axial flow passages in the second aspect of the present invention may comprise 
axial grooves formed within the outer surface of the housing, and preferably such axial 

30 grooves are spaced apart by at least about 3 inches (about 7.6 cm) in the circumferential 
direction. 

Alternatively, the axial flow passages of the second aspect of the present invention may 
be positioned within the housing. One or more of the axial flow passages may include inserts 
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having restricted flow passages and/or may include filters. 

The axial flow passages may be provided within the outer surface of the frustoconical 
portion of the housing, within the outer surface of the cylindrical portion of the housing, or 
within the outer surface of the frustoconical and cylindrical portions of the housing. 
5 In the second aspect of the present invention, the cross sectional area of the grooves 

formed in the outer surface of the frustoconical portion of the housing is preferably greater 
than the cross sectional area of the axial flow passages and preferably ranges from about 2x1 0" 4 
in 2 to 5xl0* 2 in 2 (about 13xl0^cm 2 to 32xlO* 2 cm 2 ). Preferably, the cross-sectional area of the 
axial flow passages range from about 2x1 0 4 in 2 to 5xl0* 2 in 2 (about BxlO^cm 2 to 32x1 0" 2 
10 cm 2 ). 

The angle of attack of the frustoconical portion of the housing in the second aspect of 

the present invention preferably ranges from about 10 to 30 degrees. Preferably, the angle of 

inclination of the axial flow passages relative to the longitudinal axis of the housing is greater 

than the angle of attack of the frustoconical portion of the housing. 

15 Preferably, the grooves formed in the outer surface of the frustoconical portion of the 

housing in the second aspect of the present invention include a flow channel having a first 

radius of curvature, a first shoulder positioned on one side of the flow channel having a second 

radius of curvature, and a second shoulder positioned on the other side of the flow channel 

having a third radius of curvature. More, preferably, the first, second and third radii of 

20 curvature are substantially equal. Alternatively, the second radius of curvature may be greater 

than the third radius of curvature. 

In the second aspect of the present invention, the apparatus may further comprise a 

tubular member coupled to the outer surfaces of the frustoconical and cylindrical portions of 

the housing. Preferably, the tubular member comprises an annular member, including the 

25 properties of a wall thickness that varies less than about 8%, a hoop yield strength that varies 

less than about 10%, imperfections of less than about 8% of the wall thickness, no failure for 

radial expansions of up to about 30% and no necking of the walls of the annular member for 

radial expansions of up to about 25%. The tubular member may comprise a wellbore casing, a 

pipeline or a structural support. 
• ••• 

: 30 





BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of an expansion cone and of apparatus according to the invention will 
now be described, by way of example only, with reference to the accompanying drawings, in 
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Brief Description of the Drawings 

FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

HG 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the well 

borehole. . . * f 

FIG 3 is a fragmentary cross-sectional view illustrating the mjectron of a fust 

quantity of a fluidic material into the new section of the well borehole 

FIG 3a is another fragmentary cross-sectional view illustrating the mjectron 
ofanrstquantityofahardeuablenuidicsealingmateriaHn^thenewsectionofthe 

well borehole. . 
FIG 4 is a fragmentary cross-sectional view illustrating the matron of a 

second quantity of a fluidic materia, into the new section of the well borehole. 

FIG 5 is a fragmentary cross-sectional view illustrating the dnlhng out of a 

portion of the cured hardenable fluidic sealing material from the new section of the 

well borehole. . . . , 

FIG. 6 is a cross-sectional view of an embodiment of the overling jomt 

between adjacent tubular members. u , ffho 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of the 
apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatusforformingacasingincludingadrillablemandrelandshoe. 

FIG 9a is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG 9cisanothercross-sectionaliUustrationoftheapparatusofFIG.9. 

FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 



Attorney Docket No. 25791.17 



FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 

FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 
material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior of 
the tubular member below the mandrel. 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular member 
off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before drilling out 
the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner created 
using an expandable tubular member. 

FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a new 
section of a well borehole. 

FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for hanging a tubular liner within the new section of the 
well borehole. 

FIG. 11c is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the well 
borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating the introduction of 
a wiper dart into the new section of the well borehole. 

FIG. lie is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 If is a fragmentary cross-sectional view illustrating the completion of the 
tubular liner. 
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FIG. 12 is a cross-sectional illustration of a preferred embodiment of a 
wellhead system utilizing expandable tubular members. 

FIG. 13 is a partial cross-sectional illustration of a preferred embodiment of 

the wellhead system of FIG. 12. 
5 FIG. 14a is an illustration of the formation of an embodiment of a mono- 

diameter wellbore casing. 

FIG. 14b is another illustration of the formation of the mono-diameter 

wellbore casing. 

FIG. 14c is another illustration of the formation of the mono-diameter wellbore 
10 casing. 

FIG. 14d is another illustration of the formation of the mono-diameter welbore 
casing. 

FIG. 14e is another illustration of the formation of the mono-diameter welbore 
casing. 

15 FIG. 14f is another illustration of the formation of the mono-diameter welbore 

casing. 

FIG. 15 is an illustration of an embodiment of an apparatus for expanding a 

tubular member. 

FIG. 15a is another illustration of the apparatus of FIG. 15. 
FIG. 15b is another illustration of the apparatus of FIG. 15. 
FIG. 16 is an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 

FIG. 17 is an illustration of an embodiment of an apparatus for expanding a 

tubular member. 

.25 FIG. 17a is another illustration of the apparatus of FIG. 16. 

• FIG. 17b is another illustration of the apparatus of FIG. 16. 

FIG. 18 is an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 
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FIG. 19 is an illustration of another embodiment of an apparatus for 

expanding a tubular member. 

FIG. 19a is another illustration of the apparatus of FIG. 17. 
FIG 19b is another illustration of the apparatus of FIG. 17. 
FIG. 20 is an illustration of an embodiment of an apparatus for forming a 

mono-diameter wellbore casing. 

FIG 21 is an illustration of the isolation of subterranean zones using 

expandable tubulars. 

FIG. 22a is a fragmentary cross-sectional illustration of an embodiment of an 

apparatus for forming a wellbore casing while drilling a welbore. 

FIG. 22b is another fragmentary cross-sectional illustration of the apparatus 

of FIG 22a. 

FIG. 22c is another fragmentary cross-sectional illustration of the apparatus 
of FIG. 22a. 

FIG. 22d is another fragmentary cross-sectional illustration of the apparatus 
of FIG. 22a. 

FIG. 23a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. 23b is another fragmentary cross-sectional illustration of the apparatus 

of FIG. 23a. 

FIG. 23c is another fragmentary cross-sectional illustration of the apparatus 
of FIG. 23a. 

FIG. 24a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. 24b is another fragmentary cross-sectional illustration of the apparatus 

of FIG. 24a. 

FIG. 24c is another fragmentary cross-sectional illustration of the apparatus 
of FIG. 24a. 
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FIG. 24d is another fragmentary cross-sectional illustration of the apparatus 
of FIG. 24a. 

FIG. 24e is another fragmentary cross- sectional illustration of the apparatus 
of FIG. 24a. 

FIG. 25 is a partial cross-sectional illustration of an expansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationship between propagation 
pressure and the angle of attack of the expansion mandrel. 

FIG. 27 is a cross-sectional illustration of an embodiment of an expandable 

connector. 

FIG. 28 is a cross-sectional illustration of another embodiment of an 

expandable connector. 

FIG. 29 is a cross-sectional illustration of another embodiment of an 

expandable connector. 

FIG. 30 is a cross-sectional illustration of another embodiment of an 

expandable connector. 

FIG 31 is a fragmentary cross-sectional illustration of the lubrication of the 
interface between an expansion mandrel and a tubular member during the radial 
expansion process. 

FIG 32 is an illustration of an embodiment of an expansion mandrel including 
a system for lubricating the interface between the expansion mandrel and a tubular 
member during the radial expansion of the tubular member. 

FIG. 33 is an illustration of an embodiment of an expansion mandrel including 

a system for lubricating the interface between the expansion mandrel and a tubular 

member during the radial expansion of the tubular member. 

FIG.34isanillu S trationofanembodimentofanexpansionmandrelincluding 

a system for lubricating the interface between the expansion mandrel and a tubular 
member during the radial expansion of the tubular member. 
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FIG 45 is a cross sectional illustration of a preferred embodiment of an 
expandible tubular for use in forming and/or repairing a wellbore casing, pipeline, or 

foundation support. 

FIG. 46 is a cross sectional illustration of the flared end of a tubular member 

selected for testing. 

FIG. 47 is a cross sectional illustration of the flared end of a tubular member 
selected for testing that has structurally failed. 

Detailed Description of the Illustrative Embodiments 

An apparatus and method for forming a wellbore casing within a subterranean 
formation is provided. The apparatus and method permits a wellbore casing to be 
formed in a subterranean formation by placing a tubular member and a mandrel in 
a new section of a wellbore, and then extruding the tubular member off of the 
mandrel by pressurizing an interior portion of the tubular member. The apparatus 
and method further permits adjacent tubular members in the wellbore to be joined 
usinganoverlappingjointthatpreventsfluidandorgaspassage. The apparatus and 

methodfurtherpermitsanewtubularmembertobesupportedbyanexisting tubular 
member by expanding the new tubular member into engagement with the existing 
tubular member. The apparatus and method further minimizes the reduction in the 
hole size of the wellbore casing necessitated by the addition of new sections of 
wellbore casing. 

An apparatus and method for forming a tie-back liner using an expandable 
tubularmemberis also provided. The apparatus and method permits a tie-back liner 
to be created by extruding a tubular member off of a mandrel by pressurizing and 
interior portion of the tubular member. In this manner, a tie-back liner is produced. 
Theapparatusandmethodfurtherpermitsadjacenttubularmembersin thewellbore 

to be joined using an overlapping joint that prevents fluid and/or gas passage. The 
apparatus and method further permits a new tubular member to be supported by an 
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existing tubular member by expanding the new tubular member into engagement 
with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 

An apparatus and method for forming a wellhead system is also provided. The 
apparatus and method permit a wellhead to be formed including a number of 
expandable tubular members positioned in a concentric arrangement. The wellhead 
preferably includes an outer casing that supports a plurality of concentric casings 
using contact pressure between the inner casings and the outer casing. The resulting 
wellhead system eliminates many of the spools conventionally required, reduces the 
height of the Christmas tree facilitating servicing, lowers the load bearing areas of the 
wellhead resulting in a more stable system, and eliminates costly and expensive 
hanger systems. 

An apparatus and method for forming a mono-diameter well casing is also 
provided. The apparatus and method permit the creation of a well casing in a 
wellbore having a substantially constant internal diameter. In this manner, the 
operation of an oil or gas well is greatly simplified. 

An apparatus and method for expanding tubular members is also provided. 
The apparatus and method utilize a piston-cylinder configuration in which a 
pressurized chamber is used to drive a mandrel to radially expand tubular members. 
In this manner, higher operating pressures can be utilized. Throughout the radial 
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Attorney Docket No. 25791.17 



expansion process, the tubular member is never placed in direct contact with the 
operating pressures. In this manner, damage to the tubular member is prevented 
while also permitting controlled radial expansion of the tubular member in a 
wellbore. 

An apparatus and method for forming a mono-diameter wellbore casing is also 
provided. The apparatus and method utilize a piston-cylinder configuration in which 
a pressurized chamber is used to drive a mandrel to radially expand tubular 
members. In this manner, higher operating pressures can be utilized. Throughput 
the radial expansion process, the tubular member is never placed in direct contact 
with the operating pressures. In this manner, damage to the tubular member is 
prevented while also permitting controlled radial expansion of the tubular member 
in a wellbore. 

An apparatus and method for isolating one or more subterranean zones from 
one or more other subterranean zones is also provided. The apparatus and method 
permits a producing zone to be isolated from a nonproducing zone using a 
combination of solid and slotted tubulars. In the production mode, the teachings of 
the present disclosure may be used in combination with conventional, well known, 
productioncompletionequipmentandmethodsusingaseriesof packers, solid tubing, 

perforated tubing, and sliding sleeves, which will be inserted into the disclosed 
apparatus to permit the commingling and/or isolation of the subterranean zones from 
each other. 

An apparatus and method for forming a wellbore casing while the wellbore is 
drilled is also provided. In this manner, a wellbore casing can be formed 
simultaneous with the drilling out of a new section of the wellbore. In a preferred 
embodiment, the apparatus and method is used in combination with one or more of 
the apparatus and methods disclosed in the present disclosure for forming wellbore 
casings using expandable tubulars. Alternatively, the method and apparatus can be 
used to create a pipeline or tunnel in a time efficient manner. 
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An expandable connector is also provided. In a preferred implementation, the 
expandable connector is used in conjunction with one or more of the disclosed 
embodiments for expanding tubular members. In this manner, the expansion of a 
plurality of tubular members coupled to one another using the expandable connector 
5 is optimized. 

A lubrication and self-cleaning system for an expansion cone is also provided. 
In a preferred implementation, the expansion cone includes one or more 
circumferential grooves and one or more axial grooves for providing a supply of 
lubricating fluid to the trailing edge portion of the interface between the expansion 
10 cone and a tubular member during the radial expansion process. In this manner, the 
frictional forces created during the radial expansion process are reduced which results 
in a reduction in the required operating pressures for radially expanding the tubular 
member. Furthermore, the supply of lubricating fluid preferably removes loose 
material from tapered end of the expansion cone that is formed during the radial 
15 expansion process. 

A method of testing and selecting tubular members for radial expansion 
operations is also provided. In a preferred embodiment, the method provides tubular 
members that are optimally suited for radial expansion. In this manner, radially 
expanded tubular members having optimal structural properties are provided. 
.20 In several alternative embodiments,, the apparatus and methods are used to 

form and/or repair wellbore casings, pipelines, and/or structural supports. 

Referring initially to Figs. 1-5, an embodiment of an apparatus and method for 
forming a wellbore casing within a subterranean formation will now be described. 
As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean formation 105. 
: 25 The wellbore 100 includes an existing cased section 110 having a tubular casing 115 
• and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, a 
| drill string 125 is used in a well known manner to drill out material from the 

subterranean formation 105 to form a new section 130. 
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As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in a 
subterranean formation is then positioned in the new section 130 of the wellbore 100. 
The apparatus 200 preferably includes an expandable mandrel or pig 205, a tubular 
member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a fluid passage 
5 230, a fluid passage 235, a fluid passage 240, seals 245, and a support member 250. 

The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any number 
of conventional commercially available expandable mandrels modified in accordance 
10 with the teachings of the present disclosure. In a preferred embodiment, the 
expandable mandrel 205 comprises a hydraulic expansion tool as disclosed in U.S. 
Patent No. 5,348,095, the contents of which are incorporated herein by reference, 
modified in accordance with the teachings of the present disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. The 

15 tubular member 210 is expanded in the radial direction and extruded off of the 

expandable mandrel 205. The tubular member 210 may be fabricated from any 

number of conventional commercially available materials such as, for example, 

Oilfield Country Tubular Goods (OCTG) , 13 chromium steel tubing/casing, or plastic 

tubing/casing. In a preferred embodiment, the tubular member 210 is fabricated 

.20 from OCTG in order to maximize strength after expansion. The inner and outer 
• 

diameters of the tubular member 210 may range, for example, from approximately 

0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 

inner and outer diameters of the tubular member 210 range from about 3 to 15.5 

inches and 3.5 to 16 inches, respectively in order to optimally provide minimal 

: 25 telescoping effect in the most commonly drilled wellbore sizes. The tubular member 
♦ 

• 210 preferably comprises a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 210 is 
\ slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 

when it completes the extrusion of tubular member 210. In apreferred embodiment, 
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the length of the tubular member 210 is limited to minimize the possibility of 
buckling. For typical tubular member 210 materials, the length of the tubular 
member 210 is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
5 member 210. The shoe 215 includes fluid passage 240. The shoe 215 may comprise 
any number of conventional commercially available shoes such as, for example, Super 
Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe with a sealing 
sleeve for a latch down plug modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the shoe 215 comprises an aluminum down- 
10 jet guide shoe with a sealing sleeve for a latch-down plug available from Halliburton 
Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 210 in the 
wellbore, optimally provide an adequate seal between the interior and exterior 
diameters of the overlapping joint between the tubular members, and to optimally 
15 allow the complete drill out of the shoe and plug after the completion of the 
cementing and expansion operations. 

In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240 . In this manner, 
the shoe 215 optimally injects hardenable fluidic sealing material into the region 
. 20 outside the shoe 215 and tubular member 210. In a preferred embodiment, the shoe 
215 includes the fluid passage 240 having an inlet geometry that can receive a dart 
and/or a ball sealing member. In this manner, the fluid passage 240 can be optimally 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 The lower cup seal 220 is coupled to and supported by the support member 

250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially available 
cup seals such as, for example, TP cups, or Selective Injection Packer (SIP) cups 
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modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 220 comprises a SIP cup seal, available from 
Halliburton Energy Services in Dallas, TX in order to optimally block foreign 
material and contain a body of lubricant. 

The upper cup seal 225 is coupled to and supported by the support member 
250. The upper cup seal 225 prevents foreign materials from entering the interior 
region of the tubular member 210. The upper cup seal 225 may comprise any number 
of conventional commercially available cup seals such as, for example, TP cups or SIP 
cups modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the upper cup seal 225 comprises a SIP cup, available from 
Halliburton Energy Services in Dallas, TX in order to optimally block the entry of 
foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and from 
the interior region of the tubular member 210 below the expandable mandrel 205. 
The fluid passage 230 is coupled to and positioned within the support member 250 
and the expandable mandrel 205. The fluid passage 230 preferably extends from a 
position adjacent to the surface to the bottom of the expandable mandrel 205. The 
fluid passage 230 is preferably positioned along a centerline of the apparatus 200. 

The fluid passage 230 is preferably selected, in the casing running mode of 
operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi 
in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead 
to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the new 
section 130 of the wellbore 100, fluidic materials 255 forced up the fluid passage 230 
can be released into the wellbore 100 above the tubular member 210 thereby 
minimizing surge pressures on the wellbore section 130. The fluid passage 235 is 
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coupled to and positioned within the support member 250. The fluid passage is 
further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 
of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi 
in order to reduce the drag on the apparatus 200 during insertion into the new 
section 130 of the wellbore 100 and to minimize surge pressures on the new wellbore 
section 130. 

The fluid passage 240 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 210 and shoe 215. The fluid passage 240 
is coupled to and positioned within the shoe 215 in fluidic communication with the 
interior region of the tubular member 210 below the expandable mandrel 205. The 
fluid passage 240 preferably has a cross-sectional shape that permits a plug, or other 
similar device, to be placed in fluid passage 240 to thereby block further passage of 
fluidic materials. In this manner, the interior region of the tubular member 210 
below the expandable mandrel 205 can be fluidicly isolated from the region exterior 
to the tubular member 210. This permits the interior region of the tubular member 
210 below the expandable mandrel 205 to be pressurized. The fluid passage 240 is 
preferably positioned substantially along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 210 and the new section 130 of the wellbore 100 with 
fluidic materials. In a preferred embodiment, the fluid passage 240 includes an inlet 
geometry that can receive a dart and/or a ball sealing member. In this manner, the 
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fluid passage 240 can be sealed off by introducing a plug, dart and/or ball sealing 
elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
tubular member 210. The seals 245 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 260 
of the tubular member 210 to be ftuidicly sealed. The seals 245 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order 
tooptimallyprovidea^ 

member 210 and the end 270 of the existing casing 115. 

In a preferred embodiment, the seals 245 are selected to optimally provide a 
sufficient frictional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, tubular 
member 210, shoe 215, and seals 220 and 225. The support member 250 preferably 
comprises an annular member having sufficient strength to carry the apparatus 200 
into the new section 130 of the wellbore 100. In a preferred embodiment, the support 
member 250 further includes one or more conventional centralizes (not illustrated) 
to help stabilize the apparatus 200. In a preferred embodiment, the support member 

250 comprises coiled tubing. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the tubular 
member 210. In this manner, the extrusion of the tubular member 210 off of the 
expandable mandrel 205 is facilitated. The lubricant 275 may comprise any number 
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of conventional commercially available lubricants such as, for. example, Lubriplate, 
chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze (3100). In 
a preferred embodiment, the lubricant 275 comprises Climax 1500 Antisieze (3100) 
available from Climax Lubricants and Equipment Co. in Houston, TX in order to 
optimally provide optimum lubrication to faciliate the expansion process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the wellbore 
100 that might clog up the various flow passages and valves of the apparatus 200 and 
to ensure that no foreign material interferes with the expansion process. 

As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 240. 
The material 305 then exits the apparatus 200 and fills the annular region 315 
between the exterior of the tubular member 210 and the interior wall of the new 
section 130 of the wellbore 100. Continued pumping of the material 305 causes the 
material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum 
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flow rate and operating pressure are preferably determined using conventional 
empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, for 
example, slag mix, cement or epoxy. In a preferred embodiment, the hardenable 
fluidic sealing material 305 comprises a blended cement prepared specifically for the 
particular well section being drilled from Halliburton Energy Services in Dallas, TX 
in order to provide optimal support for tubular member 210 while also maintaining 
optimum flow characteristics so as to minimize difficulties during the displacement 
of cement in the annular region 315. The optimum blend of the blended cement is 
preferably determined using conventional empirical methods. 

The annular region 315 preferably is filled with the material 305 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 210, the 
annular region 315 of the new section 130 of the wellbore 100 will be filled with 
material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in this 
manner, the initiation of the radial expansion of the tubular member 210 during the 
extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately filled 
with material 305, a plug 405, or other similar device, is introduced into the fluid 
passage 240 thereby fluidicly isolating the interior region 310 from the annular region 
315. In a preferred embodiment, a non-hardenable fluidic material 306 is then 
pumped into the interior region 310 causing the interior region to pressurize. In this 
manner, the interior of the expanded tubular member 210 will not contain significant 
amounts of cured material 305. This reduces and simplifies the cost of the entire 
process. Alternatively, the material 305 may be used during this phase of the process. 
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Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
process, the expandable mandrel 205 may be raised out of the expanded portion of the 
tubular member 210. In a preferred embodiment, during the extrusion process, the 
5 mandrel 205 is raised at approximately the same rate as the tubular member 210 is 
expanded in order to keep the tubular member 210 stationary relative to the new 
wellbore section 130. In an alternative preferred embodiment, the extrusion process 
is commenced with the tubular member 210 positioned above the bottom of the new 
wellbore section 130, keeping the mandrel 205 stationary, and allowing the tubular 
10 member 210 to extrude off of the mandrel 205 and fall down the new wellbore section 
130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing the 
plug 405 into the fluid passage 230 at a surface location in a conventional manner. 
The plug 405 preferably acts to fluidicly isolate the hardenable fluidic sealing material 
15 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plugging a fluid passage such as, for example, Multiple Stage 
Cementer (MSC) latch-down plug, Omega latch-down plug or three- wiper latch-down 
[*•••• plug modified in accordance with the teachings of the present disclosure. In a 

* • * V : 20 preferred embodiment, the plug 405 comprises a MSC latch-down plug available from 
» *« • • 

Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 

•••• 

fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 to 

• 1 25 4,000 gallons/min. In this manner, the amount of hardenable fluidic sealing material 

within the interior 310 of the tubular member 210 is minimized. In a preferred 
V ; embodiment, after placement of the plug 405 in the fluid passage 240, the non 

V\l hardenable material 306 is preferably pumped into the interior region 310 at 
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pre ssuresa B df.owratesrangingfro I napproxtaatel,500to9,OOOpsiand40to3,000 
gallons/min in order to maximize the extrusion speed. 

° In a preferred embodiment, the apparatus 200 is adapted to minimize tensue, 
burst, and friction effects upon the tuhular member 210 during the expansion 
process. These effects will depend upon the geometry of the expansion mandrel 205, 
the material composition Ofthetub«larmember210andexpansionma„drel205,the 

inner diameter of the tubular member 210, the walHUekness of the tubular member 
210 the type of lubricant, and the yield strength of the tubular member 210. In 
general, the thicker the wall thickness, the smaller the inner diameter, and the 
greater the yield strength of the tubular member 210, then the greater the operatmg 
pressures required to extrude the tubular member 210 off of the mandrel 205. 

Fortypicaltubularmembers210, the extrusion ofthe tubular member 210 off 
of the expandable mandrel will begin when the pressure of the interior region 310 
reaches, for example, approximately 500 to 9,000 psi. 

During the extrusion process, the expandable manure! 205 may be rarsed out 
of the expanded portion of the tabular member 210 at rates ranging, for example, 
from about 0 to 5 ft/sec. In a preferred embodiment, daring the extrusion process, 
the expandable mandrel 205 is raised out of the expanded portion of the tabular 
member 210 at rates ranging from about 0 to 2 ft/sec in order to minimize the tame 
reoniredfortheexpansionprocess while aUopermittingeasycontroloftheexpanston 

Pr0CeS8 When the end portion 260 ofthe tubular member 210 is extruded off of the 
expandablemandrel205,theoutarsarrace265oftheendpor U on 260 ofthe tubular 

member210willpraferablycontact.heinte ri orsurface410oftheendportion270of 
the casing 115 to form an fluid tight overlapping joint. The contact pressure ofthe 
overlapping joint ma, range, for example, from approximate,, 50 to 20,000 par In 
a preferred embodiment, the contact pressure ofthe overlapping joint ranges from 
approximately 400 to 10,000 psi in order to provide optimum pressure to actrvate the 
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annular sealing members 245 and optimally provide resistance to axial motion to 
accommodate typical tensile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 115 and 
the section 265 of the expanded tubular member 210 preferably provides a gaseous 
and fluidic seal. In a particularly preferred embodiment, the sealing members 245 
optimally provide a fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 306 is controllably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this manner, 
the sudden release of pressure caused by the complete extrusion of the tubular 
member 210 off of the expandable mandrel 205 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 
100% to about 10% during the end of the extrusion process beginning when the 
mandrel 205 is within about 5 feet from completion of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the end portion 260 of the tubular member 210 in order to catch or at least decelerate 
the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100 . In a preferred embodiment, either before or after the 
removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
overlapping joint between the upper portion 260 of the tubular member 210 and the 
lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of the 
tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, then 
any uncured portion of the material 305 within the expanded tubular member 210 is 
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then removed in a conventional manner such as, for example, circulating the uncured 
material out of the interior of the expanded tubular member 210. The mandrel 205 
is then pulled out of the wellbore section 130 and a drill bit or mill is used in 
combination with a conventional drilling assembly 505 to drill out any hardened 

5 material 305 within the tubular member 210. The material 305 within the annular 
region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within the 
interior of the expanded tubular member 210 is then removed in a conventional 
manner using a conventional drill string 505. The resulting new section of casing 510 

10 includes the expanded tubular member 210 and an outer annular layer 515 of cured 
material 305. The bottom portion of the apparatus 200 comprising the shoe 215 and 
dart 405 may then be removed by drilling out the shoe 215 and dart 405 using 
conventional drilling methods. 

In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 of 

15 the tubular member 210 includes one or more sealing members 605 and one or more 
pressure relief holes 610. In this manner, the overlapping joint between the lower 
portion 270 of the casing 115 and the upper portion 260 of the tubular member 210 

► •••• 

. is pressure-tight and the pressure on the interior and exterior surfaces of the tubular 

member 210 is equalized during the extrusion process. 
:«":20, In a preferred embodiment, the sealing members 605 are seated within 

recesses 615 formed in the outer surface 265 of the upper portion 260 of the tubular 
member 2 10. In an alternative preferred embodiment, the sealing members 605 are 
bonded or molded onto the outer surface 265 of the upper portion 260 of the tubular 

• ••• 

member 210. The pressure relief holes 610 are preferably positioned in the last few 
: '"' : 25 feet of the tubular member 210. The pressure relief holes reduce the operating 
: '** : pressures required to expand the upper portion 260 of the tubular member 210. This 

V. reduction in required operating pressure in turn reduces the velocity of the mandrel 

* 

" • 205 upon the completion of the extrusion process. This reduction in velocity in turn 



-25- 



Attorney Docket No. 25791.17 



• • • 

• • • 
» • * 



h 1 6 The expandable nrandre! 705 is further ceup.ed to the expandahte 
inc orporated herein hy referenee, modified in aooordanoe wrth the teach g 

: ~*zzz*. — — 710 - c ° up,ed 10 and sup r d tr: 

I, JH.* Thee.paadah.enrandreioontainer.Oisrorther^. 
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facilitating its placement within the wellbore. 
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In a preferred embodiment, once the expansion process begins, and the thicker, 
lower strength material of the tubular member 715 is expanded, the outside diameter 
of the tubular member 715 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial direction 
and extruded off of the expandable mandrel 705 substantially as described above with 
reference to Figs. 1-6. The tubular member 715 may be fabricated from any number 
of materials such as, for example, Oilfield Country Tubular Goods (OCTG), 
automotive grade steel or plastics. In a preferred embodiment, the tubular member 
715 is fabricated from OCTG. 

In a preferred embodiment, the tubular member 715 has a substantially 
annular cross-section. In a particularly preferred embodiment, the tubular member 
715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 preferably is defined by the region beginning in the vicinity of 
the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is preferably 
defined by the region beginning in the vicinity of the top of the mandrel container 
710 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of the 
tubular member 715 is greater than the wall thicknesses of the intermediate and 
lower sections 810 and 815 of the tubular member 715 in order to optimally faciliate 
the initiation of the extrusion process and optimally permit the apparatus 700 to be 
positioned in locations in the wellbore having tight clearances. 
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The outer diameter and wall thickness of the upper section 805 of the tubular 
member 715 may range, for example, from about 1.05 to 48 inches and 1/8 to 2 
inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubular member 715 range from about 3.5 
to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 to 
1.5 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the intermediate section 810 of the tubular member 715 range from 
about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 2.5 to 50 inches and 1/16 to 1.25 
inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the lower section 810 of the tubular member 715 range from about 3.5 
to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly preferred 
embodiment, the wall thickness of the lower section 815 of the tubular member 715 
is further increased to increase the strength of the shoe 720 when drillable materials 
such as, for example, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. In a 
preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 715. In a preferred embodiment, the 
length of the tubular member 715 is limited to minimize the possibility of buckling. 
For typical tubular member 715 materials, the length of the tubular member 715 is 
preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more jet 
ports 835. In a particularly preferred embodiment, the cross-sectional shape of the 
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inlet passage 830 is adapted to receive a latch-down dart, or other similar elements, 
for blocking the inlet passage 830. The interior of the shoe 720 preferably includes 
a body of solid material 840 for increasing the strength of the shoe 720. In a 
particularly preferred embodiment, the body of solid material 840 comprises 

5 aluminum. . 

The shoe 720 may comprise any number of conventional commercially 
availableshoes S uchas,forexam P le,SuperSealIIDown-Jetnoat S hoe,orguideshoe 

withasealingsleeveforalatchdownplugmodified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 720 comprises an 
10 aluminum down-Jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachingsofthepresentdisclosure,inorderto optimize guiding the tubular member 
715 in the wellbore, optimize the seal between the tubular member 715 and an 
existing wellbore casing, and to optimally faciliate the removal of the shoe 720 by 
15 drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745 The lower cup seal 725 prevents foreign materials from entering the intenor 
r egionofthetubularmember715ab 0 vetheexpandablemandrel705.Thelowercu P 

seal 725 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified m 
accordance with the teachings of the present disclosure. In a preferred embodxment, 
the lower cup seal 725 comprises a SIP cup, available from Halliburton Energy 
i Services in Dallas, TX in order to optimally provide a debris barrier and hold a body 

of lubricant. 

i 25 The upper cup seal 730 is coupled to and supported by the support member 

: 760 The upper cup seal 730 prevents foreign materials from entering the interior 

regionofthetubularmember715.Theuppercupseal730maycompriseanynumber 

I of conventional commercially available cup seals such as, for example, TP cups or 

SelectiveInjectionPacker(SIP)cu P modifiedinaccordancewiththeteachingsofthe 



• • • • 

• ••• 

• ••• 

:20 

• • • « 
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present disclosure. In a preferred embodiment, the upper cup seal 730 comprises a 
SIP cup available from Halliburton Energy Services in Dallas, TX in order to 
optimally provide a debris barrier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be transported to and from 
the interior region of the tubular member 715 below the expandable mandrel 705. 
The fluid passage 735 is fluidicly coupled to the fluid passage 740. The fluid passage 
735 is preferably coupled to and positioned within the support member 760, the 
support member 745, the mandrel container 710, and the expandable mandrel 705. 
The fluid passage 735 preferably extends from a position adjacent to the surface to 
the bottom of the expandable mandrel 705. The fluid passage 735 is preferably 
positioned along a centerline of the apparatus 700. The fluid passage 735 is 
preferably selected to transport materials such as cement, drilling mud or epoxies at 
flow rates and pressures ranging from about 40 to 3,000 gallons/minute and 500 to 
9,000 psi in order to optimally provide sufficient operating pressures to extrude the 
tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the fluid 
passage 735 can be released into the wellbore above the tubular member 715. In a 
preferred embodiment, the apparatus 700 further includes a pressure release passage 
that is coupled to and positioned within the support member 260. The pressure 
release passage is further fluidicly coupled to the fluid passage 735. The pressure 
release passage preferably includes a control valve for controllably opening and 
closing the fluid passage. In a preferred embodiment, the control valve is pressure 
activated in order to controllably minimize surge pressures. The pressure release 
passage is preferably positioned substantially orthogonal to the centerline of the 
apparatus 700. The pressure release passage is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
from about 0 to 500 gallons/minute and 0 to 1,000 psi in order to reduce the drag on 
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the apparatus 700 during insertion into a new section of a wellbore and to minimize 
surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 715. The fluid passage 740 is preferably 
coupled to and positioned within the shoe 720 in fluidic communication with the 
interior region of the tubular member 715 below the expandable mandrel 705. The 
fluid passage 740 preferably has a cross-sectional shape that permits a plug, or other 
similar device, to be placed in the inlet 830 of the fluid passage 740 to thereby block 
further passage of fluidic materials. In this manner, the interior region of the tubular 
member 715 below the expandable mandrel 705 can be optimally fluidicly isolated 
from the region exterior to the tubular member 715. This permits the interior region 
of the tubular member 715 below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the 
centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally 
fill an annular region between the tubular member 715 and a new section of a 
wellbore with fluidic materials. In a preferred embodiment, the fluid passage 740 
includes an inlet passage-830 having a geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid, passage 240 can be sealed off by 
introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 

In a preferred embodiment, the apparatus 700 further includes one or more 
seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 820 
of the tubular member 715. The seals 845 permit the overlapping joint between an 
end portion of preexisting casing and the end portion 820 of the tubular member 715 
to be fluidicly sealed. The seals 845 may comprise any number of conventional 
commercially available seals such as, for example, lead, rubber, Teflon, or epoxy seals 
modified in accordance with the teachings of the present disclosure. In a preferred 
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eminent, the seals 845 comprise sea.s molded from Strategic epox, arable 
from Hal.ibur.on Energy Services in Delias, TX in order to optimally prov.de a 
hydcaulicsealandaloadbearingintecferenceBtintbeoveclappingiointbetweenthe 

tubular member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

In a preferred embodiment, the seals 845 are selected to provide a suff.ctent 
McfonalforcetosupporttheexpandedtubularmemberTlSfromtheexistingcasing. 

I napreferredembodiment,the f rictionalforceprovidedbythesea 1 s845rangesfrom 
about 1,000 to 1,000,000 Ibf in order to optimally support the expanded tubular 

me, " b Thelpport member 745 is preferably coupled to the expandable mandrel 705 
andtheovershotconnection755.The S upportmember745preferablyco m prisesan 

annular member having sufficient strength to carry the apparatus 700 into . new 
section of a weUbore. The support member 745 may comprise any numbero 

pipe, coiled tubing or other high strength tubular modified in accordance -nth ». 
,45comprisosconventionaldriUpipeavailablefromvarious S teelm,Us l ntheUn 1 ted 

StateS Inapreferredembodiment,ahodyof.ubricant750 is provided in the annular 

m ember 715. In this manner, the extrusion of the tubular member 715 off of the 
expandablemandre.705isfacilitated.The.ubricant705maycompriseanynu I nber 

of conventional commercially availabie ,ubricants such as, for example, LubnpUta 
chlorine based lubricants, oil based lubricants, or Climax 1500 AnUsteza WOW. In 
a preferred embodiment, the lubricant 750 comprises Chnax 1500 Anttstese - 
available from HaUiburton Energy Services in Houston, TX in order to optnmdl, 
provide lubrication to faeiliate the extrusion process. 
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The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, Innerstring 
Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a preferred 
embodiment, the overshot connection 755 comprises a Innerstring Adapter with an 
Upper Guide available from Halliburton Energy Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 755 
and a surface support structure (not illustrated). The support member 760 preferably 
comprises an annular member having sufficient strength to carry the apparatus 700 
into a new section of a wellbore. The support member 760 may comprise any number 
of conventional commercially available support members such as, for example, steel 
drill pipe, coiled tubing or other high strength tubulars modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the support 
member 760 comprises a conventional drill pipe available from steel mills in the 
United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical member 
having an outside diameter that is about 80 to 99% of the interior diameter of the 
tubular member 715 in order to optimally minimize buckling of the tubular member 
715. The stabilizer 765 may comprise any number of conventional commercially 
available stabilizers such as, for example, EZ Drill Star Guides, packer shoes or drag 
blocks modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the stabilizer 765 comprises a sealing adapter upper guide 
available from Halliburton Energy Services in Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are thoroughly 
cleaned prior to assembly to the remaining portions of the apparatus 700. In this 
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manner, the introduction of foreign material into the apparatus 700 is minimized. 
This minimizes the possibility of foreign material clogging the various flow passages 

and valves of the apparatus 700. 

In a preferred embodiment, before or after positioning the apparatus 700 

5 within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various flow 
passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 

L0 In a preferred embodiment, the apparatus 700 is operated substantially as 

described above with reference to Figs. 1-7 to form a new section of casing within a 
wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 

15 forming a tubular liner 810 inside of the existing wellbore casing 805. In a preferred 
embodiment, an outer annular lining of cement is not provided in the repaired 
section. In the alternative preferred embodiment, any number of fluidic materials 
can be used to expand the tubular liner 810 into intimate contact with the damaged 
section of the wellbore casing such as, for example, cement, epoxy, slag mix, or 

20 drilling mud. In the alternative preferred embodiment, sealing members 815 are 
preferablyprovidedatbothendsofthetubularmemberinordertooptimallyprovide 

a fluidic seal. In an alternative preferred embodiment, the tubular liner 810 is 
formed within a horizontally positioned pipeline section, such as those used to 
transporthydrocarbonsorwater.withthe tubular liner 810 placed in an overlapping 
25 relationship with the adjacent pipeline section. In this manner, underground 
pipelinescanbe repaired without having to dig out and replace the damaged sections. 

In another alternative preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining ofcement is not provided between the 
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tubular liner 810 and the wellbore. In the alternative preferred embodiment, any 
number of fluidic materials can be used to expand the tubular liner 810 into intimate 
contact with the wellbore such as, for example, cement, epoxy, slag mix, or drilling 
mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular member 
902, a support member 904, an expandable mandrel or pig 906, and a shoe 908. In 
a preferred embodiment, the design and construction of the mandrel 906 and shoe 
908 permits easy removal of those elementsby drilling them out. In this manner, the 
assembly 900 can be easily removed from a wellbore using a conventional drilling 
apparatus and corresponding drilling methods. 

The expandable tubular member 902 preferably includes an upper portion 9 10, 
an intermediate portion 912 and a lower portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 906 
by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 915 
is coupled to the upper portion 910 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 915 is preferably extruded off of 
the mandrel 906 by pressurizing the interior region 966 of the tubular member 902. 
The tubular member 915 preferably has a substantially annular cross-section. In a 
preferred embodiment, the wall thickness of the tubular member 915 is greater than 
the wall thickness of the tubular member 902. 

The tubular member 915 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
915 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 902. In a particularly 
preferredembodiment,thetubularmember915hasaplasticyieldpointrangingfrom 
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about 40,000 to 135,000 psi in order to optimally provide approximately the same 
yield properties as the tubular member 902. The tubular member 915 may comprise 
a plurality of tubular members coupled end to end. 

In a preferred embodiment, the upper end portion of the tubular member 915 
includes one or more sealing members for optimally providing a fluidic and/or gaseous 
seal with an existing section of wellbore casing. 

In a preferred embodiment, the combined length of the tubular members 902 
and 915 are limited to minimize the possibility of buckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to the 
shoe 908 by a threaded connection 968. The intermediate portion 912 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
902 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yield point ranging from 
about 40,000 to 135,000 psi in order to optimally provide approximately the same 
yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1/16 to 1.5 
inches. In a preferred embodiment, the wall thickness of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
1/8 to 1.25 in order to optimally provide wall thickness that are about the same as the 
tubular member 915. In a preferred embodiment, the wall thickness of the lower 
portion 914 is less than or equal to the wall thickness of the upper portion 910 in 
order to optimally provide a geometry that will fit into tight clearances downhole. 
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The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
3 »/ 2 to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 

The length of the tubular member 902 is preferably limited to between about 
2 to 5 feet in order to optimally provide enough length to contain the mandrel 906 
and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the tubular member 915 comprises Oilfield 
Country Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, welding 
or machined from one piece. In a preferred embodiment, the various elements of the 
tubular member 902 are coupled using welding. The tubular member 902 may 
comprise a plurality of tubular elements that are coupled end to end. The various 
elements of the tubular member 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. In a preferred embodiment, the various elements of the 
tubular member 915 are coupled using welding. The tubular member 915 may 
comprise a plurality of tubular elements that are coupled end to end. The tubular 
members 902 and 915 may be coupled using any number of conventional process such 
as, for example, threaded connections, welding or machined from one piece. 
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The support member 904 preferably includes sn innerstring adapter 916 a 
„ „«18 an upper guide 920, and a coupling 922. During operat.on of the 

lament of the apparatus 900 within a wellbore. The support member 904 

, orefera bly has a substantially annular cross-section. 

^Lpport»e m ber904» W be f abn ra ted f to m anynun 1 berof— onal 

— — — ir^p^rrr.: 0 ::: 

10 ^The innerstring adaptor 916 prefer* is coupled to and supported by a 

916 may be coupled to a conventional drill string support 971 by a three 
^Crdpa^OXSiepreferab^tocon^flmusandothermaU^ 

.... 

•- laratusOOO In a particularly preferred embodiment, the flurd passa* 918 may 

::::• • IS^^^^— 

="1 25 ^1X^920^^^ 

^laTmember 915. The upper guide 920 may compnse any number o 
"i ir^guidememberamodifmdinaccomancewiththeteachingsofthepresent 
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disclosure. In a preferred embodiment, the upper guide 920 comprises an innerstring 
adapter available from Halliburton Energy Services in Dallas, TX order to optimally 
guide the apparatus 900 within the tubular member 915. 

The coupling 922 couples the support member 904 to the mandrel 906. The 
coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular cross- 
section. The retainer 924 may comprise any number of conventional commercially 
available retainers such as, for example, slotted spring pins or roll pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 946, 
and the lubricator sleeve 948. The rubber cup 926 prevents the entry of foreign 
materials into the interior region 972 of the tubular member 902 below the rubber 
cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
25 InjectionPacker(SIP)cup.Inapreferredembodiment,therubbercup926comprises 

a SIP cup available from Halliburton Energy Services in Dallas, TX in order to 
optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further provided 
in the interior region 972 of the tubular member 902 in order to lubricate the 
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interface between the exterior surface of the mandrel 902 and the interior surface of 
the tubular members 902 and 915. The lubricant may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize (3100). In 
a preferred embodiment, the lubricant comprises Climax 1500 Antiseize (3100) 
available from Climax Lubricants and Equipment Co. in Houston, TX in order to 
optimally provide lubrication to faciliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body of 
cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and the 
upper cone retainer 944. In a preferred embodiment, during operation of the 
apparatus 900, the tubular members 902 and 915 are extruded off of the outer surface 
of the expansion cone 928. In a preferred embodiment, axial movement of the 
expansion cone 928 is prevented by the lower cone retainer 930, housing 940 and the 
upper cone retainer 944. Inner radial movement of the expansion cone 928 is 
15 prevented by the body of cement 932, the housing 940, and the upper cone retainer 
944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
cone shape. The wall thickness of the expansion cone 928 may range, for example, 
00 from about 0.125 to 3 inches. In a preferred embodiment, the wall thickness of the 
expansion cone 928 ranges from about 0.25 to 0.75 inches in order to optimally 
provide adequate compressive strength with minimal material. The maximum and 
minimum outside diameters of the expansion cone 928 may range, for example, from 
about 1 to 47 inches. In a preferred embodiment, the maximum and minimum 
25 outside diameters of the expansion cone 928 range from about 3.5 to 19 in order to 
optimally provide expansion of generally available oilfield tubulars 

The expansion cone 928 may be fabricated from any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 
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tan too. steel in order to opt.ma.ly provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example from about 50 Rockwell C to 70 RockweUC. In a preferred embodiment, the 
surface hardness of the outer surface of the expansion cone 928 ranges from about 
58 Rockwell C to 62 Rockwell C in order to optimally provide high yield strength. In 
apreferredembodiment, theexpanaioncone928isheattreatedtooptimallyprov.de 

a hard outer surface and a resilient interior body in order to optimally prov.de 

abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and 
housing940.Inapreferredembodiment,axialmovementoftheexpansioncone928 

ispreventedby the lowercone retainer 930. Preferably, the lower cone retamer 930 
has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, tool 
steel timtnumor lowa.loys.ee.. In a preferred embodiment, the lower cone reamer 
930 is fabricated from tool steel in order to optima!!, provide high strength and 
abrasion resistance. The surface hardness of the outer surface of the lower cone 
retained may range, forexample.fromaboutoOEockwellCtoTOBockweHC. In 

a preferred embodiment, the surface hardness o, the outer surface of the lower cone 
reWner930rangesfromabout58Rockwel.Cto62Rockwe.lCinorder.oopt.maly 

providehighyield strength. In a preferred embodiment, the. ower cone retamer 930 
is heattrea«ed to optima..yprovideahardouteraurfaceandaresmentintenorbody 

in order to optimally provide abrasion resistance and fracture toughness. 

I„ a preferred embodiment, the lower cone retainer 930 and the expanamn 
eone928arefor m ed as an .ntegra. one-piece e.ementin order reduce the numbero 
componentsand increase the overall strength of the apparatus. The outer surface of 
the lower coneretainer 930 preferably mates with the inner surfaces of the tubular 



members 902 and 915. 
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The body of cement 932 is positioned within the interior of the mandrel 906. 
The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a conventional 
drilling device. 

The body of cement 932 may comprise any number of conventional 
commercially available cement compounds. Alternatively, aluminum, cast iron or 
someotherdrillablemetallic,com P osite,oraggregatematerial maybe substituted for 
cement Thebodyof cement 932 preferably has a substantially annular cross-sectmn. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
Duringoperationoftheapparatu S 900,thelowerguide934preferablyhelpsguidethe 

m0 vement of the mandrel 906 within the tubular member 902. The lower guide 934 
preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commerciallyavailablematerialssuchas.forexample.oUfieldtubulars.lowalloysted 

or stainless steel. In a preferred embodiment, the lower guide 934 is fabricated from 
low alloy steel in order to optimally provide high yield strength. The outer surface 
ofthelowerguide934 P referablymate S withtheinnersurfaceofthetubularmember 

902 to provide a sliding fit. 

The extension sleeve 936 is coupled.to the lower guide 934 and the housmg 
940 Duringoperationoftheap P aratus900,theextensionsleeve936 P referablyhel P s 

guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of conventual 
commerciaUyava^ 

or stainless steel. In a preferred embodiment, the extension sleeve 936 is fabricated 
from low alloy steel in order to optimally provide high yield strength. The outer 
surface of the extension sleeve 936 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. In a preferred embodiment, the 
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extension sleeve 936 and the lower guide 934 are formed as an integral one-piece 
element in order to minimize the number of components and increase the strength 
of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 preferably 
includes the fluid passage 952 and is adapted to mate with the extension tube 960 of 
the shoe 908. In this manner, a plug or dart can be conveyed from the surface 
through the fluid passages 918 and 952 into the fluid passage 962. Preferably, the 
spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventual 
commercially available materials such as, for example, steel, aluminum or cast non. 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order to 
optimally provide crillabiUty . The end of the spacer 938 preferably mates with the 
end of the extension tube 960. In a preferred embodiment, the spacer 938 and the 
sealing sleeve 942 are formed as an integral one-piece element in order to reduce the 
numberofcomponentsandiucreasetheswngthoftheapparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. Dunng 
operation of the apparatus 900, the housing 940 preferab.y prevents inner radta. 
m otion of the expansion cone 928. Preferably, the housing 940 has a substantially 

annular cross-section. i 
The housing 940 may be fabricated from any number of convent^ 
commerdmlyavailablenrnteria.s^chas.forexample.oimeldtubulars.lowalloystoel 

oratainless steel. In a preferred embodiment, the housing 940 is fabricated from low 
alloy steel in order to optimally provide high yield strength. In a preferred 
embodiment, thelower guide 934, extension sleeve 936 and housing 940 are formed 
asanintegralone-pieceelementinordertomidimiaethenumberofcomponentaand 

increase the strength of the apparatus. 
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In a particularly preferred embodiment, the interior surface of the housing 940 
includes one or more protrusions to faciliate the connection between the housing 940 
and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of the 
apparatus, the sealing sleeve 942 preferably provides support for the mandrel 906. 
The sealing sleeve 942 is preferably coupled to the support member 904 using the 
coupling 922. Preferably, the sealing sleeve 942 has a substantially annular cross- 
section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
In a preferred embodiment, the sealing sleeve 942 is fabricated from aluminum in 
order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing sleeve 
942 includes one or more protrusions to faciliate the connection between the sealing 
sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing sleeve 
942 are integrally formed as a one-piece element in order to minimize the number of 
components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the sealing 
sleeve 942, and the body of cement 932. During operation of the apparatus 900, the 
upper cone retainer 944 preferably prevents axial motion of the expansion cone 928. 
Preferably, the upper cone retainer 944 has a substantially annular cross-section. 

The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, aluminum 
or cast iron. In a preferred embodiment, the upper cone retainer 944 is fabricated 
from aluminum in order to optimally provide drillability of the upper cone retainer 
944. 
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In . pM Purred embodiment, «- ~»e — 

1 k™ desiend to provide increased rigid.ty. In a particularly 
cross-secfaonal shape des.gned P ^sectional shape that 

preferred enrbcd-iment.theupperconereta.neeM amountof 

is substantially I-shaped to provide increased n«nd.ty and mm 

sleeve 948, and the guide 950. Durin g 
the upper cone reta,n« 9H*. ^ ^ the 

hodyo f .uhricant i n«hean n ular^on9, fo^ J< ,„ mandrel 946 
l0 mandrel 906 and the tubular member 902. Preferably, 

Has a substantially annular croas^tiou ^ ^ ^ rf 

♦ •«n In a preferred embodiment, the lubricator mandrel 94b is 
orC astxron. Inaprefer dfi ^ rfU . U ^ B «i^ 
15 from aluminum in order to optimally provi 

rnrrrrr^ 

924, the rubber cup 926, theupper cone retainer 94 ^ 
preferably supports the rubber cup 926. Preferably, 

substantially annular cross-section. of conventional 

The lubricator sleeve 948 may be fabricated from any number 

retainer 924 couples the rubber cup 926 to the iubncato ^ J 
embodiment, seats 949a and 949b are provided between the lubncatorm 
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reeion 972 of the tubular member 902. . qo . , 

the sleeve 948. During operation of the apparatus 900, the guide 950 

the lubricator siwv* Preferably, the guide 

; P referablyguide S theap P aratusenthe S upportmember904.Preferaby, 

Q50 has a substantially annular cross-section. 

The suae 950 ma, be fabricated front any nuntber of conven tonal 

commercially avar q50 is fabricated from aluminum order to 

In a preferred embodiment, the guide 950 is laDrtca 

0 optimally provide drillabilityof the guide 950. ^ ringoperationof the 
Thefluidpa S sage952i S coupledtothemandrel906.Dur,ngope 

, • n.iia nassaee 952 is positioned about the centerime 01 

a Dreferred embodiment, the fluid passage w f 

The shoe 908 preferably includes a housing 954, a body 

: ^^-----.•*•«-'-•»--- , - , • , " 

f ^^ehousingOMiacoupledtothe 

= enofthetubu.axmember^. Daring operation of the apparatus 

•: 9 54preferah.ycou P lesthelowerportionofthetubular m ember902totheshoe9 



-46- 



Attorney Docket No. 25791.17 



to facilitate the extrusion and positioning of the tubular member 902. Preferably, the 
housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 954 
includes one or more protrusions to faciliate the connection between the body of 
cement 956 and the housing 954. 
0 The body of cement 956 is coupled to the housing 954, and the sealing sleeve 

958 In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or iron may be substituted for the body of 
cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension tube 
960, the fluid passage 962, and one or more outlet jets 964. During operation of the 

20 apparatus 900, the sealing sleeve 958 preferably is adapted to convey a hardenable 
fluidic material from the fluid passage 952 into the fluid passage 962 and then mto 
the outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 958 further includes an inlet 

25 geometry that permits a conventional plug or dart 974 to become lodged in the inlet 
of the sealing sleeve 958. In this manner, the fluid passage 962 may be blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
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conventional commercially available materials such as, for example, steel, aluminum 
or cast iron. In a preferred embodiment, the sealing sleeve 958 is fabricated from 
aluminum in order to optimally provide drillability of the sealing sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid passage 
962, and one or more outlet jets 964. During operation of the apparatus 900, the 
extension tube 960 preferably is adapted to convey a hardenable fluidic material from 
the fluid passage 952 into the fluid passage 962 and then into the outlet jets 964 in 
order to inject the hardenable fluidic material into an annular region external to the 
tubular member 902. In a preferred embodiment, during operation of the apparatus 
900, the sealing sleeve 960 further includes an inlet geometry that permits a 
conventional plug or dart 974 to become lodged in the inlet of the sealing sleeve 958. 
In this manner, the fluid passage 962 is blocked thereby fluidicly isolating the interior 
region 966 of the tubular member 902. In a preferred embodiment, one end of the 
extension tube 960 mates with one end of the spacer 938 in order to optimally 
faciliate the transfer of material between the two. 

In a preferred embodiment, the extension tube 960 has a substantially annular 
cross-section. The extension tube 960 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, aluminum 
or cast iron. In a preferred embodiment, the extension tube 960 is fabricated from 
aluminum in order to optimally provide drillability of the extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension tube 
960, and one or more outlet jets 964. During operation of the apparatus 900, the fluid 
passage 962 is preferably conveys hardenable fluidic materials. In a preferred 
embodiment, the fluid passage 962 is positioned about the centerline of the apparatus 
900. In a particularly preferred embodiment, the fluid passage 962 is adapted to 
convey hardenable fluidic materials at pressures and flow rate ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/min in order to optimally provide fluids at 
operationally efficient rates. 
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The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 
960, and the fluid passage 962. During operation of the apparatus 900, the outlet jets 
964 preferably convey hardenable fluidic material from the fluid passage 962 to the 
region exterior of the apparatus 900. In a preferred embodiment, the shoe 908 
includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in the 
housing 954 and the body of cement 956 in order to simplify the construction of the 
apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or machined 
from one piece of material. In a preferred embodiment, the various elements of the 
shoe 908 are coupled using cement. 

In a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, a 
drill string is used in a well known manner to drill out material from the 
subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean formation 
is then positioned in the new section of the wellbore. In a particularly preferred 
embodiment, the apparatus 900 includes the tubular member 915. In a preferred 
embodiment, a hardenable fluidic sealing hardenable fluidic sealing material is then 
pumped from a surface location into the fluid passage 918. The hardenable fluidic 
sealing material then passes from the fluid passage 918 into the interior region 966 
of the tubular member 902 below the mandrel 906. The hardenable fluidic sealing 
material then passes from the interior region 966 into the fluid passage 962. The 
hardenable fluidic sealing material then exits the apparatus 900 via the outlet jets 964 
and fills an annular region between the exterior of the tubular member 902 and the 
interior wall of the new section of the wellbore. Continued pumping of the 
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hardenable fluidic sealing material causes the material to fill up at least a portion of 
the annular region. 

The hardenable fluidic sealing material is preferably pumped into the annular 
region at pressures and flow rates ranging, for example, from about 0 to 5,000 psi and 
0 to 1,500 gallons/min, respectively. In a preferred embodiment, the hardenable 
fluidic sealingmaterial is pumped into the annular region at pressures and flow rates 
that are designed for the specific wellbore section in order to optimize the 
displacement of the hardenable fluidic sealing material while not creating high 
enoughcirculatingpressuressuchthatcirculationmightbelostandthatcouM 

the wellbore to collapse. The optimum pressures and flow rates are preferably 
determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, for 
example, slag mix, cement or epoxy. In a preferred embodiment, the hardenable 
fluidic sealing material comprises blended cements designed specifically for the well 
sectionbeinglinedavailablefromHalliburtonEnergy Services in Dallas, TXmorder 
to optimally provide support for the new tubular member while also maintaining 
optimal flow characteristics so as to minimize operational difficulties during the 
displacement of the cement in the annular region. The optimum composition of the 
blended cements is preferably determined using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902, the annular region of the new section of the wellbore will be filled with 

hardenable material. 

Once the annular region has been adequately filled with hardenable fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the external annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 causing 
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the interior region 966 to pressurize. In a particularly preferred embedment the 
p tag or dart 974, or other similar device, preferably is introduced mto the fund 
passage 962by introducing thep.ugor dart 974, orothersimilardevice into thenon 
hardenablenuidicmaterial.lnthismanner.thearnouatofcuredmateria^ith.nthe 

interior of the tubular members 902 and 915 is mininuaed. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members902and915areextr.dedoffofthemandrel906.Themandre.906m.ybe 

fitted or it may be expandabte. During the extrusion process, the mandrel 906 ,s 
raised out of the expanded portions o, the tubular members 902 and 9X5 usurg *e 
support member 904. During this extrusion process, the shoe 908 is preferably 

substantially stationary. . 

The plug or dart 974 is preferably placed into the flutd passage 962 by 
tntroducingtheplugor dart 974into the fluid passa^ 918 at a surface location tna 

conventiona! manner. The plug or dart 974 may comprise any number o 
conventionMcommercUllyavaUabledevicesforpluggatgafluidpassagesuehasfo 

example, Multiple Stage Cementer (MSG) Utch-downplug, Omega latch-down p u 
or three-wiper latch down plug modified in accordance with the teaclungs of the 
presentdisclosure. In a preferred embodiment, thep.ugordar t 974cmpn S esaMSC 
tatch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenab,e fluidie material is preferably pumped into the inferior region 9 6 a 

U-Zmininordertooptimallyextrndethetubularmembers^andOifioffofthe 

mandrel 906. hilmlar 
For typical tubular members 902 and 915, the extruston of the tubular 
member S 902and915offoftheexpandab 1 e m andrelwi. 1 be g inwhenthepressureof 

the interior region 966 reaches approximately 500 to 9,000 psi. In a preferred 
Idiment, the extrusion of the tubular members 902 and 915 off of the tnandrel 
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rt f interior region 966 reaches approximately 1,200 
906beginswhenthepressureoftheinteriorregio 

to8500 P siwithaflowrateofabout40tol250gallons/mmute. 

to B.DUU p&i w ed t of the 

During the extrusion process, the mandrel 906 may 

u , rrW* 902 and 915 at rates ranging, for example, 

L *nf rt *ft/<tpc In a preferred embodiment, during 
from about 0 to 5 ft/sec In a p ^ ^ 

operation is prevented. 01 extruded off of the 

Whentne«pperendportionofthctabularm«nber915 1 sextrudedo 

„ the lr surfaceof theupperend portion of the tubular member 915 

mandrel 906, the outer su f _„ f end portion of the existing 

™„ preferably eontact the intenorsurfaceof ft low* P ^ ^ 

casing to form an fluid tight overlappnrg JO mt. The - P 

upper end of the tubular memo nrf1 ,r to ontimally provide contact 

^i*r ztnn to 10 000 psi in order to optimally ^ 
ranges from approximately 400 to 10,uuu p f - malresistanC e such that the 

embodiment, the operating pressure and flow rate of the non 
v, . the unner end portion of the tubular member 915. In this man 

theoperatingpressureisreducedinasubstantiallyun 
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W. during the end of the extrusion process beginning when the mandrel 906 has 
Listed approximately al. but about the ,ast 5 feet of the ext.us.on proce*. 

rate o he ha— fluid, seahng matena, and/or the non hardens le **c 
Hal are controflsd during afl phases of the operation of the apparatus 900 

^be^inord^t.abaorhtheshoche.usedhythesuddenre^ofpressu^ 
1— or in combination, a nraadre. etching atructure^ , P-dsd 
ab0 ve the support member 904 in order to catch or at >eaat decelerate the mandre. 
906 ' On.thee^ionprocessiacompleted.theman^^Uremoved^m^ 
„We In a preferred embodiment, either before or after the removal of the 

is tested using conventional methods. If the fluidic seal 

existing easing U satisfactory, then the uncord portion ^ , 
n„idicsealmgmateriai™thintheexpandedtubularmember915.sthen 

;e;rbetweantheexpandedtuhu,armem b er9 1 5andtheexist i „gcas 1 ngandnew 

section of wellbore is then allowed to cure. 

plferablyanyremainin g cured hardenable fluidic sealing matena.w.thtn the 

interi o o the explded tubular member* 90S and .15 is then removed tn a 

:i B -~^--— -^~r" d rid— 

casingpreferably inc.udes.he expanded tubu.ar members902 and9!5 andanou* 
ap pa r atu S 900compris i ngtheahoe908ma y thenberem„vedbydrdhngouttheah„e 
908 using conventional drilling methods. 
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In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the weUbore due 
to a malfunction. In this circumstance, a conventional drill string is used to dnB out 
the interior sections of the apparatus 900 in order to facilitate the removal of the 
5 remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drdl out the 

interior components. . 
in particular, in a preferred embodiment, the composition of the mtenor 
«, sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retamer 944 he 
1 nhricatormandrel946,thelubricatorsleeve948,theguide950,thehousmg954,the 

hody of cement 966, the sealing sleeve 958, and the extension tube 960,are selected 
to permit at least some of these components to be drilled out using convenuonal 
16 drilling methods and apparatus. In this manner, in the event of a malfunctton 
downhole, the apparatus 900 may be easily removed from the wellbore. 

Keferring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
... apparatus for creating a tie-back liner in a vellbore will now be Ascribed. As 
... mustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean format™ 1002 
-20 includes a first casing 1004 and a second casing 1006. 

-8 ' The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and 
". acementannuluslOH.Inapreferredembodiment.thesecondcasinglOOe.sformed 

I!- by expanding a tubu!ar member substantially as described above with reference to 

2«5 Fies l-9c or below with reference to Figs, lla-llf. 
"! In aparticulariypreferredembc<Iiment,anupperportionofthetubularhner 

" ! 10 12 overlaps with a lower portion of the tubu.ar Uner 1008. In a particular y 

P referredembodiment,anouter al rfaceoftheupperportionofthe t ubularhnerl012 
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includes one or more sealing members 1016 for providing a fluidic seal between the 
tubular liners 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends from the 
overlap between the first and second casings, 1004 and 1006, an apparatus 1100 is 
preferably provided that includes an expandable mandrel or pig 1105, a tubular 
member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 1130, a fluid 
passage 1135, one or more fluid passages 1140, seals 1145, and a support member 
1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1110 may range, for 
example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to 
optimally provide coverage for typical oilfield casing sizes. The tubular member 1110 
preferably comprises a solid member. 
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.nap^erredemboataent.theupperendportionofthatubu.ar— 
iss.oued.perforatea.oroth^modifiedto catch or dow^a-emandreUl 

In it completes the extrusion of tubuUr member U10. lo a pre«er«d 
Inbodiment, tho iength of the tub-dar member U10 * * , _ «- 

tnbutar member 1110 is preferably limited to between about 40 to 20,000 

leDgth The shoe 1115 is eoupied to the expanse mandre. 1105 and the tubuiar 
member 1110. The shoe 1115 ineludes the fluid passage 1135. The shoe 1115 may 
: mprise any number of cooventiona. —aliy available shoes such as, f 
Txalpie Super Seai II float shoe, Super Sea, II Down Jet float shoe or a gu.de shoe 

ports radiating off of the exit flow port avaUabfc from HaUmurton Energy Series 
£Z « Ldifledinaecordancewithtbeteaehingsofthepresentdiseiosure m 

Imber 100 and the easing 1012, optimally fluidicl, isolate the mtenor of the 
ILar member 1100 after the b teh do. £ ^^E^ 
drilling out of the shoe 1115 after completion of the expans.cn 

0P6 Ta preferred embodiment, the shoe U15 ineiudes one or more side outlet 
p 0rt3 n^influidiccommunicationwitbtbe fluidpassage 1135. £ 

U 5 andtuu,ar member 1110. In a preferred embodiment, the shoe 1115 mdudes 

adartand/orabaflseahngmember. !n this manner, the flu. 

sealed on by introducing a plug, dart aad/or ball sealing elements .nto the flu.d 

passage 1130. 
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The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of the 
tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 1120 
may comprise any number of conventional commercially available cup seals such as, 
for example, TP cups or Selective Injection Packer (SIP) cups modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the cup seal 
1120 comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a barrier to debris and contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and from 
the interior region of the tubular member 1110 below the expandable mandrel 1105. 
The fluid passage 1 130 is coupled to and positioned within the support member 1 150 
and the expandable mandrel 1105. The fluid passage 1130 preferably extends from 
aposition adjacent to the surface to the bottom of the expandable mandrel 1105. The 
fluid passage 1130 is preferably positioned alonga centerline of the apparatus 1100. 
The fluid passage 1130 is preferably selected to transport materials such as cement, 
drilling mud or epoxies at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to optimally provide sufficient operating 
pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1135 permits fluidic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 

ThefluidpassageslHOpermitsfluidicmaterialstobetransportedtoandfrom 

the region exterior to the tubular member 1110 and shoe 1115. The fluid passages 
1140 are coupled to and positioned within the shoe 1115 in fluidic communication 
with the interior region of the tubular member 1110 below the expandable mandrel 
1105. The fluid passages 1140 preferably have a cross-sectional shape that permits 
a plug, or other similar device, to be placed in the fluid passages 1 140 to thereby block 
furtherpassageoffluidicmaterials. In thismanner, the interior region of the tubular 
member 1110 below the expandable mandrel 1105 can be fluidicly isolated from the 
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region exterior to the tubular member 1105. This permits the interior region of the 
tubular member 1110 below the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials such 
as cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
to3000gallons/minuteand0to9,000psiinordertooptimally fill theannular region 

between the tubular member 1110 and the tubular liner 1008 with fluidic materials. 
In a preferred embodiment, the fluid passages 1140 include an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. In a preferred embodiment, the apparatus 1100 includes a 

plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single inlet 
passage coupled to the fluid passages 1140 that is adapted to receive a plug, or other 
similar device, to permit the interior region of the tubular member 1110 to be 
fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface of 
the lower end portion of the tubular member 1110. The seals 1145 permit the 
0 verlappingjointbetweentheu P perend P ortionofthecasingl012andthelowerend 

portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified in 
accordance with the teachings ofthe present disclosure. In a preferred embodiment, 
the seals 1145 comprise seals molded from Stratalock epoxy available from 
Halliburton Energy Services in Dallas, TX in order to optimally provide a hydraulic 
seal in the overlapping joint and optimally provide load carrying capacity to 
withstand the range of typical tensile and compressive loads. 
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to a preferred embodiment, the seals U45,re selected to optima!!, provide a 
suffic ien t Motional force to support the expanded tubular member 111. ft. «. 
tubu ,ar liner 1008. In a preferred embodiment, the fricfonal force proved by the 
seals 1145 ranges from abont 1,000 to 1,000,000 Ibf in tension and compressmn 
ordertoopUmallyaupporttheexpandedtnbularmemberlllO. 

Thesnpportmember 1 150iscoupledlotheexpandablemandrell 1 05,tubutar 

m ember 1110 shoe 1115, and sea, U20. The support member 1150 pr« 
Wndesoneormoreconventionaloentralisera (not illustrated, to help stabd^e the 



25 



'"^embodiment, a ,uanuty of lubricant 1150 is proved in the 

me mberlU0. In this manner, the extrusion of the tubutar member 1110 oft of 
Z able mandrel 1105 is facilitated. The lubricant U50 may com„ 
nlber of conventional commercially available lubricants such as, for exampl, 

elodime «, the lubricant 1150 comprises CHmax ,500 Antiseise 3100, — 
L Climax Lubricnnts and Equipment Co. in Houston. TX in order to optunally 

nrovide lubrication for the extrusion process. 

a preferred embodiment, the support member U50 is thoroughly eleaned 

prtortoasImb.totheremaining^onsoftheapp^.sllOO.^ — 

L introduction of foreign material into the apparatus U00 . m— i. 

v alves of the apparatus 1100 and to ensure that no foreign .natenal mterferes vnth 
the expansion mandrelllOS during the extrusion process. 

Jnaparticularlypreferredembodiment.theappa.atusnOOincludesapa^ 

X^SoouplLtothebottomsecUonoftheshoeUlSforiluidiCisolating thereon 
bellorelOOObe,ov,theapparatusllOO.,nthismanner,nuidiematerm,sa re 
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prevented from entering the region of the wellbore 1000 below the apparatus 1100. 
The packer 1155 may comprise any number of conventional commercially available 
packers such as, for example, EZ Drill Packer, EZ SV Packer or a drillable cement 
retainer. In a preferred embodiment, the packer 1155 comprises an EZ Drill Packer 
available from Halliburton Energy Services in Dallas, TX. In an alternative 
embodiment, a high gel strength pill may be set below the tie-back in place of the 
packer 1155. In another alternative embodiment, the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of wellbore volumes are circulated in order to 
ensure that no foreign materials are located within the wellbore 1000 that might clog 
up the various flow passages and valves of the apparatus 1100 and to ensure that no 
foreign material interferes with the operation of the expansion mandrel 1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then 
pumped from a surface location into the fluid passage 1130. The material 1160 then 
passes from the fluid passage 1130 into the interior region of the tubular member 
1110 below the expandable mandrel 1105. The material 1160 then passes from the 
interior region of the tubular member 1110 into the fluid passages 1140. The 
material 1160 then exits the apparatus 1100 and fills the annular region between the 
exterior of the tubular member 1110 and the interior wall of the tubular liner 1008. 
Continued pumping of the material 1160 causes the material 1160 to fill up at least 
a portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 gallons/min, 
respectively. In a preferred embodiment, the material 1160 is pumped into the 
annular region at pressures and flow rates specifically designed for the casing sizes 
being run, the annular spaces being filled, the pumping equipment available, and the 
properties of the fluid being pumped. The optimum flow rates and pressures are 
preferably calculated using conventional empirical methods. 
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The hardenable fluidic seaUng — 1160 may comprise any number 
HI slag mix, cement or epoxy. In a preferred embodiment, tbe hardens* 

ord er to optimaiiy provide proper support for the tubuiar member Utt* 
durmgUted.apUcementofc^entinUtemmularregion.Tbeopt.mumbendome 
IdLmlarepreferab.ydetermineduaingconvenU '—"^ 
Tbe annular region may be fined witb the matenal 1160 m uffic, n 

^entities to ensure that, upon radio! expansion of tbe tabular member 1110, 

o«n„l fl r reeion will be filled with material 1160. 

^ material 1160, one or more phage 1165, or other similar devces, preferably are 
niO In a preferred embodiment, a non bardenable fln,d, materia! 1161 .a hen 

1110 is minimized. e^ffi^pntlv 
As iUustrated in Fig. 10e, once the interior reg.on become a— 
pI e,s„ri,ed, the tubuiar member 1110 is extruded off of tbe expandable mand. 
nlDuringtbeextrusienprocess.theexpandaMemandmlllOSisra.sedoutoftbe 

expanded portion ofthe tubular member 1110. 

The plugs U65 are preferably placed into tbe fluid passages U40 by 
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conventional manner. The plugs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
brass balls, plugs, rubber balls, or darts modified in accordance with the teachings of 
the present disclosure. 

5 In a preferred embodiment, the plugs 1 165 comprise low density rubber balls. 

In an alternative embodiment, for a shoe 1105 having a common central inlet 
passage, the plugs 1165 comprise a single latch down dart. 

After placement of the plugs 1165 in the fluid passages 1140, the non 
hardenable fluidic material 1161 is preferably pumped into the interior region of the 
10 tubular member 1110 below the mandrel 1105 at pressures and flow rates ranging 
from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred embodiment, after placement of the plugs 1165 in the fluid passages 
1140, the non hardenable fluidic material 1161 is preferably pumped into the interior 
region of the tubular member 1110 below the mandrel 1105 at pressures and flow 
15 rates ranging from approximately 1200 to 8500 psi and 40 to 1250 gallons/min in 
order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 1 1 10 

• off of the expandable mandrel 1105 will begin when the pressure of the interior 

• region of the tubular member 1110 below the mandrel 1105 reaches, for example, 
"20. approximately 1200 to 8500 psi. In a preferred embodiment, the extrusion of the 

tubular member 1 1 10 off of the expandable mandrel 1 105 begins when the pressure 
of the interior region of the tubular member 1110 below the mandrel 1105 reaches 
approximately 1200 to 8500 psi. 

During the extrusion process, the expandable mandrel 1 105 may be raised out 
,25 of the expanded portion of the tubular member 1110 at rates ranging, for example, 
I from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion process, 

the expandable mandrel 1105 is raised out of the expanded portion of the tubular 
member 1110 at rates ranging from about 0 to 2 ft/sec in order to optimally provide 
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permit adjustment of operational parameters, and optimally ensure that the 
extrusion process will be completed before the material 1160 cures. 

In a preferred embodiment, at least a portion 1 180 of the tubular member 1110 
has an internal diameter less than the outside diameter of the mandrel 1105. In this 
manner, when the mandrel 1105 expands the section 1180 of the tubular member 
1110, at least a portion of the expanded section 1180 effects a seal with at least the 
wellbore casing 1012. In a particularly preferred embodiment, the seal is effected by 
compressing the seals 1016 between the expanded section 1180 and the wellbore 
casing 1012. In a preferred embodiment, the contact pressure of the joint between 
the expanded section 1180 of the tubular member 1110 and the casing 1012 ranges 
from about 500 to 10,000 psi in order to optimally provide pressure to activate the 
sealing members 1145 and provide optimal resistance to ensure that the joint will 
withstand typical extremes of tensile and compressive loads. 

In an alternative preferred embodiment, substantially all of the entire length 
of the tubular member 1110 has an internal diameter less than the outside diameter 
of the mandrel 1105. In this manner, extrusion of the tubular member 1110 by the 
mandrel 1105 results in contact between substantially all of the expanded tubular 
member 1110 and the existing casing 1008. In a preferred embodiment, the contact 
pressure of the joint between the expanded tubular member 1110 and the casings 
1008 and 1012 ranges from about 500 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
ensure that the joint will withstand typical extremes of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular member 
1110 off of the expandable mandrel 1105 can be minimized. In a preferred 
embodiment, the operating pressure of the fluidic material 1161 is reduced in a 
substantially linear fashion from 100% to about 10% during the end of the extrusion 
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process beginning when the mandrel 1105 has completed approximately all but about 
5 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is completed, the expandable 
mandrel 1105 is removed from the wellbore 1000. In a preferred embodiment, either 
before or after the removal of the expandable mandrel 1105, the integrity of the 
fluidic seal of the joint between the upper portion of the tubular member 1110 and 
the upper portion of the tubular liner 1108 is tested using conventional methods. If 
the fluidic seal of the joint between the upper portion of the tubular member 1110 
and the upper portion of the tubular liner 1008 is satisfactory, then the uncured 
portion of the material 1160 within the expanded tubular member 1110 is then 
removed in a conventional manner. The material 1160 within the annular region 
between the tubular member 1110 and the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 within 
the interior of the expanded tubular member 1110 is then removed in a conventional 
manner using a conventional drill string. The resulting tie-back liner of casing 1 170 
includes the expanded tubular member 1110 and an outer annular layer 1175 of 
cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 1 100 
comprising the shoe 1115 and packer 1155 is then preferably removed by drilling out 
the shoe 1115 and packer 1155 using conventional drilling methods. 

In a particularly preferred embodiment, the apparatus 1100 incorporates the 
apparatus 900. 

Referring now to Figs, lla-llf, an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
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As illustrated in Fig. 1 la, a wellbore 1200 is positioned in a subterranean formation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, a 
drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1205 to form a new section 1230. 

As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing in 
. a subterranean formation is then positioned in the new section 1230 of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, a 
tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 1330, a fluid 
passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred embodiment, 
the expandable mandrel 1305 comprises a hydraulic expansion tool substantially as 
disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is incorporated herein 
by reference, modified in accordance with the teachings of the present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic casing. 
In a preferred embodiment, the tubular member 1310 is fabricated from OCTG. The 
inner and outer diameters of the tubular member 1310 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
embodiment, the inner and outer diameters of the tubular member 1310 range from 
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about 3 to 15.5 inches and 3.5 to 16 inches, respective* in order to optimally prov.de 
minima! telescoping effect in the most commonly encountered wellbore size, 

,„ a preferred embodiment, the tubular member 1310 includes an upper 
portion 13M ,anmtennediateportionl360,andalower portionl365. mapmferred 
embodiment, the wall thickness and outer diameter of theupper portion 1355 of the 
tubular member 1310 range from about 3,8 to 1 * inches and 3 * to 16 mches 
respectively. In a preferred embodiment, the wall thickness and outer diameter of 
the intermediate portion 1360 of the tubular member 1310 range from about 0.62 
to 0.75 inches and 3 * 19 inches, respectively. In a preferred embodiment the wal 
thicknessandouter diameter of the lowerportion 1365 of the tubular member 1310 

range from about 3/8 to 1.5 inches and 3.5 to 16 inches, reapecttvely. 

,„ a particularly preferred embodiment, the outer diameter of the lower 
portion 1365 of the tubular member 1310 is signif.cantly less than the outer 
diameters of the upper and intermediate portions, 1355 and 1360, of the tubular 
member 1310 in order to optimize the formation of a concentric and over.app.ng 
arrangement of weUbore casings. In this manner, as will be described below w,th 
reference to Figs. 12 and 13, a wellhead system isoptimally provided. In a preferred 
enrolment, the formation of a wellhead system does not include the use of a 

hardenable fluidic material. 

Inapartioularlypreferredembodiment, the wall thicknesaofthe.ntermed.ate 

section 1360 of the tubular member 1310 is less than or equal to the wall thmkness 
oftheupper and lower sections, 1355 and 1365,of the tubular member 1310 in order 
to optimallyfaciliate the initiationof the extrusion processed optimally permtt the 
placementoftheapparatusinareasoftheweUborehavingtightelearances. 

ThetubularmemberlSlOpreferablycomprisesasolidmember. Inapreferred 
embodiment, the upper end portion 1355 of the tubular member 1310 la slotted 
perforated, or otherwise modif.ed to catch or slow down the mandrel 1305 when .t 
completes the extrusion of tubular member 1310. In a preferred embodiment the 
,ength of the tubular member 1310 is limited to minimize the possibility of buckhng. 
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For typical tubular member 1310 materials, the length of the tubular member 1310 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise any 
number of conventional commercially available shoes such as, for example, Super 
Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the shoe 1315 comprises an aluminum down- 
jet guide shoe with a sealing sleeve for a latch-down plug available from Halliburton 
Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 1310 into the 
wellborel200,o P timallyfluidiclyisolatetheinteriorofthetubularmemberl310,and 

optimally permit the complete drill out of the shoe 1315 upon the completion of the 
extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
shoe 1315 includes the fluid passage 1330 having an inlet geometry that can receive 
a fluidic sealing member. In this manner, the fluid passage 1330 can be sealed offby 
introducing a plug, dart and/or ball sealing elements into the fluid passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and from 
the interior region of the tubular member 1310 below the expandable mandrel 1305. 
The fluid passage 1320 is coupled to and positioned within the support member 1345 
and the expandable mandrel 1305. The fluid passage 1320 preferably extends from 
a position adjacent to the surface to the bottom of the expandable mandrel 1305. The 
fluid passage 1320 is preferably positioned along a centerline of the apparatus 1300. 
The fluid passage 1320 is preferably selected to transport materials such as cement, 
drilling mud, or epoxies at flow rates and pressures ranging from about 0 to 3,000 
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to optimally fill the annular region between the tubular member 1310 and the new 
section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 of 
the tubular member 1310. The seals 1340 are further positioned on an outer surface 
of the upper end portion 1355 of the tubular member 1310. The seals 1340 permit 
the overlapping joint between the lower end portion of the casing 1215 and the upper 
portion 1355 of the tubular member 13 10 to be fluidicly sealed. The seals 1340 may 
comprise any number of conventional commercially available seals such as, for 
example, lead, rubber, Teflon, or epoxy seals modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 
of the overlapping joint while also creating optimal load bearing capability to 
withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide a 
sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by the 
seals 1340 ranges from about 1,000 to 1,000,000 lbf in order to optimally support the 
expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, tubular 
member 1310, shoe 1315, and seals 1340. The support member 1345 preferably 
comprises an annular member having sufficient strength to carry the apparatus 1300 
into the new section 1230 of the wellbore 1200. In a preferred embodiment, the 
support member 1345 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this manner, 
the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
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into the annular region 1390 at pressures and flow rates ranging from about 0 to 
5000 psi and 0 to 1 ,500 gallons/min, respectively, in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the wellbore 
1200 with the hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, for 
example, slag mix, cement or epoxy. In a preferred embodiment, the hardenable 
fluidic sealing material 1380 comprises blended cements designed specifically for the 
well section being drilled and available from Halliburton Energy Services in order to 
optimally provide support for the tubular member 1310 during displacement of the 
material 1380 in the annular region 1390. The optimum blend of the cement is 
preferably determined using conventional empirical methods. 

The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
fdled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
filled with material 1380, a wiper dart 1395, or other similar device, is introduced into 
the fluid passage 1320. The wiper dart 1395 is preferably pumped through the fluid 
passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 then 
preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the wiper 
dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple from the 
mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably will lodge 
in the fluid passage 1330, thereby blocking fluid flow through the fluid passage 1330, 
and fluidicly isolating the interior region 1370 of the tubular member 13 10 from the 
annular region 1390 . In a preferred embodiment, the non hardenable fluidic material 
1381 is then pumped into the interior region 1370 causing the interior region 1370 
to pressurize. Once the interior region 1370 becomes sufficiently pressurized, the 
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tubular member 1310 is extruded off of the expandable mandrel 1305. During the 
extrusionprocess.theexpandablemandrell^israisedoutoftheexpandedporhon 

of the tubular member 1310 by the support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location in 
a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three wiper latch-down plug/dart modified in accordance with the teachings of the 
) pr esentdisclosure.Ina^ 

wiper latch-down plug modified to latch and seal in the Multiple Stage Cementer 
latchdownplugl350. The three wiper latch-down plug is available from Halliburton 

Energy Services in Dallas, TX. 

Aft e rblockingthefluidpa S sagel330usingthewiper P lugl330andwi P erdart 

5 1395 the non hardenable fluidic material 1381 may be pumped into the interior 
region 1370 at pressures and flow rates ranging, for example, from approximately 0 
to 5000 psi and 0 to 1,500 gallons/min in order to optimally extrude the tubular 
member 1310 off of the mandrel 1305. In this manner, the amount of hardenable 
fluidic material within the interior of the tubular member 1310 is minimized. 
20 In a preferred embodiment, after blocking the fluid passage 1330, the non 

hardenable fluidic material 1381 is preferably pumped into the interior region 1370 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3 000 gallons/min in order to optimally provide operating pressures to maintain the 
expansion process at rates sufficient to permit adjustments to be made in operating 
25 parameters during the extrusion process. 

For typical tubular members 1310, the extrusion of the tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 500 to 9,000 psi. In a preferred 
embodiment, the extrusion of the tubular member 1310 off of the expandable 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 1305 has completed approximately all but about 5 feet of the 
extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the upper end portion 1355 of the tubular member 1310 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 is 
then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 within 
the interior of the expanded tubular member 1310 is then removed in a conventional 
manner using a conventional drill string. The resulting new section of casing 1400 
includes the expanded tubular member 1310 and an outer annular layer 1405 of 
cured material 305. The bottom portion of the apparatus 1300 comprising the shoe 
1315 may then be removed by drilling out the shoe 1315 using conventional drilling 
methods. 

Referringnow to Figs. 12 and 13, a preferred embodiment of a wellhead system 
1500 formed using one or more of the apparatus and processes described above with 
reference to Figs. 1-1 If will be described. The wellhead system 1500 preferably 

-74- 



Attorney Docket No. 25791. 



• •• 



• ••• 

• ••• 

• ••• 



cional Christmas tree/drilling spool assembly 1505, « thick wall 
includes a conventional Chnstma „ A , lter casing 1520, an annular body 

casin.^.anan.ula.bodyefcemenU^^- . 

afcement 1525, an intermediate casm 1HM- * nynumberof 

, conventionalCbristmastree/dn .ngsbo ^ ^ „ 

Subse a WeUhead System, Spool Tree Subsea ^ ^ 

WeUhead System available rrom supphers ^ ^J^ The drUUng 
rfM in accordance with the teacup of t W« ^ ^ ^ ^ 
smoI assembly 1505 is preferably operamy V 

to the thick wall 

i wn The assembly 1505 may De t,uu F 
0 and/or the outer casmg 1520. example, by welding, a threaded connection 

-^"oufer — ^J^Mheassemb.^Odlsc.up.ed 
„rmadefromsinglestock.Inapreferreo , din 

t0 u- thick wall easing 1510 -*» outer casmg 1520 ^ ^ 
Thefhiekw^^ng^lOlspo^ned^eu^ 6ioextends 

above the surface 1545 in order to optm* v£ * ^ ^ ^ „ 
ft. Christmas tree/drdUng spool assem* 50 ^ ^ ^ ^ 

• preferably coupled to the Christmas tree/drdUng apoo 

• body ofcement 1515, and the outer casing 520 ^ 

commercially available high strengtn & ferred 

enrbodiment, the thick wall casmg 1510 compos embod i me „t, 



-75- 



Attorney Docket No. 25791.17 



.si.tancatodegradationofcapacitya^Wngannedthroughforanextendedt^ 
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of conventional commercially available seals such as, for example, lead, plastic, 
rubber, Teflon or epoxy, modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the sealing members 1550 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in order 
to optimally provide an hydraulic seal and a load bearing interference fit between the 
tubular members. In a preferred embodiment, the contact pressure of the interface 
between the thick wall casing 1510 and the outer casing 1520 ranges from about 500 
to 10,000 psi in order to optimally activate the sealing members 1550 and also 
optimally ensure that the joint will withstand the typical operating extremes of 

tensile and compressive loads during drilling and production operations. 

In an alternative preferred embodiment, the outer casing 1520 and the thick 

walled casing 1510 are combined in one unitary member. 

The annular body of cement 1525 provides support for the outer casing 1520. 

In a preferred embodiment, the annular body of cement 1525 is provided using any 

one of the embodiments of the apparatus and processes described above with 

reference to Figs. 1-llf. 

The intermediate casing 1530 may be coupled to the outer casing 1520 or the 
thick wall casing 1510. In a preferred embodiment, the intermediate casing 1530 is 
coupled to the thick wall casing 1510. The intermediate casing 1530 may be 
fabricatedfromanynumberof conventional commercially available tubular members 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the intermediate casing 1530 comprises any one of the expandable 
tubular members described above with reference to Figs. 1-llf. 

In a preferred embodiment, the intermediate casing 1530 is coupled to the 
thick wall casing 1510 by expanding at least a portion of the intermediate casing 1530 
into contact with the interior surface of the thick wall casing 1510 using any one of 
the processes and apparatus described above with reference to Figs. 1-llf. In an 
alternative preferred embodiment, the entire length ofthe overlap of the intermediate 
casing 1530 with the thick wall casing 1510 contacts the inner surface of the thick 
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g 1510. The contact pressure of the interface between the intermediate 
j30 and the thick wall casing 1510 may range, for example from about 500 
J00 psi. In a preferred embodiment, the contact pressure between the 
mediate casing 1530 and the thick wall casing 1510 ranges from about 500 to 
000 psi in order to optimally activate the pressure activated sealing members and 
o optimally ensure that the joint will withstand typical operating extremes of tensile 
and compressive loads experienced during drilling and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the upper end 
of the intermediate casing 1530 includes one or more sealing members 1560 that 
provide a gaseous and fluidic seal between the expanded end of the intermediate 
casing 1530 and the interior wall of the thick wallcasing 1510. The sealing members 
1560 may comprise any number of conventional commercially available seals such as, 
for example, plastic, lead, rubber, Teflon or epoxy, modified in accordance with the 
teachingsofthepre S entdisclosure.Inapreferredembodiment,thesealingmembers 

1560 comprise seals molded from StrataLock epoxy available from Halliburton 
Energy Services in order to optimally provide a hydraulic seal and a load bearing 
interference fit between the tubular members. 

In a preferred embodiment, the contact pressure of the interface between the 
expanded end of the intermediate casing 1530 and the thick wall casing 1510 ranges 
from about 500 to 10,000 psi in order to optimally activate the sealing members 1560 
and also optimally ensure that the joint will withstand typical operating extremes of 
tensile and compressive loads that are experienced during drilling and production 
operations. 

The inner casing 1535 may be coupled to the outer casing 1520 or the thick 
wall casing 1510. In a preferred embodiment, the inner casing 1535 is coupled to the 
thick wall casing 1510. The inner casing 1535 may be fabricated from any number 
ofconventionalconuuerciallyavailabletubularmembersmodifiedinaccordancewith 

the teachings of the present disclosure. In a preferred embodiment, the inner casing 
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mprises any one of the expandable tubular members described above with 
ace to Figs. 1-1 If. 

In a preferred embodiment, the inner casing 1535 is coupled to the outer casing 
20 by expanding at least a portion of the inner casing 1535 into contact with the 
nterior surface of the thick wall casing 1510 using any one of the processes and 
apparatus described above with reference to Figs. 1- 1 If. In an alternative preferred 
embodiment, the entire length of the overlap of the inner casing 1535 with the thick 
wall casing 1510 and intermediate casing 1530 contacts the inner surfaces of the thick 
wall casing 1510 and intermediate casing 1530. The contact pressure of the interface 
between the inner casing 1535 and the thick wall casing 1510 may range, for example 
from about 500 to 10,000 psi. In a preferred embodiment, the contact pressure 
between the inner casing 1535 and the thick wall casing 1510 ranges from about 500 
to 10,000 psi in order to optimally activate the pressure activated sealing members 
and to ensure that the joint will withstand typical extremes of tensile and 
compressive loads that are commonly experienced during drilling and production 
operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the upper end 
of the inner casing 1535 includes one or more sealing members 1570 that provide a 
gaseous and fluidic seal between the expanded end of the inner casing 1535 and the 
interior wall of the thick wall casing 1510. The sealing members 1570 may comprise 
any number of conventional commercially available seals such as, for example, lead, 
plastic, rubber, Teflon or epoxy, modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the sealing members 1570 comprise 
seals molded from StrataLock epoxy available from Halliburton Energy Services in 
order to optimally provide an hydraulic seal and a load bearing interference fit. In 
a preferred embodiment, the contact pressure of the interface between the expanded 
end of the inner casing 1535 and the thick wall casing 1510 ranges from about 500 
to 10,000 psi in order to optimally activate the sealing members 1570 and also to 
optimally ensure that the joint will withstand typical operating extremes of tensile 
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and compressive loads that are experienced during drilling and production 
operations. 

In an alternative embodiment, the inner casings, 1520, 1530 and 1535, may be 
coupled to a previously positioned tubular member that is in turn coupled to the 
outer casing 1510. More generally, the present preferred embodiments may be used 
to form a concentric arrangement of tubular members. 

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a preferred 
embodiment of a method and apparatus for forming a mono-diameter well casing 
within a subterranean formation will now be described. 

As illustrated in Fig. 14a, a wellbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. The 
first section of casing 1610 includes an annular outer body of cement 1615 and a 
tubular section of casing 1620. The first section of casing 1610 may be formed in the 
wellbore 1600 using conventional methods and apparatus. In a preferred 
embodiment, the first section of casing 1610 is formed using one or more of the 
methods and apparatus described above with reference to Figs. 1-13 or below with 
reference to Figs. 14b-17b. 

The annular body of cement 1615 may comprise any number of conventional 
commercially available cement, or other load bearing, compositions. Alternatively, 
the body of cement 1615 may be omitted or replaced with an epoxy mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 and 
a lower end 1630. Preferably, the lower end 1625 of the tubular section of casing 
1620 includes an outer annular recess 1635 extending from the lower end 1630 of the 
tubular section of casing 1620. In this manner, the lower end 1625 of the tubular 
section of casing 1620 includes a thin walled section 1640. In a preferred 
embodiment, an annular body 1645 of a compressible material is coupled to and at 
least partially positioned within the outer annular recess 1635. In this manner, the 
body of compressible material 1645 surrounds at least a portion of the thin walled 
section 1640. 
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The tubular sectiou of easing 1620 ma, be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, stainless steel, automotive grade steel, carbon steel, low alloy steel 
fiberglass or plastics. In a preferred embodiment, the tubular section of casing 1620 
i8 fabricated torn oilf.eld country tubular goods available from various foreign and 
domestic steel miHs. The wall thickness of the thin walled section 1640mayrange 
fromaboutO.125 tol.5 inches. Inapreferred embodiment, the wall thicknessof the 
thin walled section 1640 ranges from 0.25 to 1.0 inches in order to optimally provrde 
burst strength for typical operations, conditions while also minimizing resistance* 
radial expansion. The axial length of the thin wailed section 1640 may range from 
about 120 to 2400 inches. In a preferred embodiment, the axial length of the tfam 
walled section 1640 ranges from about 240 to 480 inches. 

The annular body of compressible material 1645 helpe to minimi* the radtal 
force required to expand the tubular casing 1620 in the overlap with the tubular 
member 1715, helps to create a fluidic seal in the overlap with the tubular member 
niS.andhelpsmcreateaninterferencemsufflcientmpermitthetubumrmember 

!715 to be supported by the tubular casing 1620. The annular body of compress* e 
ntaterial 1645 may comprise any number of commercially available compressive 
materials such as, for example, epoxy, rubber, Teflon, plastics or lead tubes. In a 
preferred embodiment, the annular body of compressible materia. 1645 compnses 
StrataLock epoxy available from HaUiburton Ene W Services in order to optunaUy 
provide an hydraulic sea. in the overlapped joint while aleo having comphance to 
thereby minimize the radial force required to expand the tubular casing. The wal 
thickness of the annular body of compreasible material 1645 may range from about 
0 05 to 0.75 inches. In a preferred embodiment, the wall thickness of the annular 
body of compressible material 1645 ranges from about 0.1 to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces reared to 
expand the tubular easing, provide thickness for casing strings to provtde contact 
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with the inner surface of the wellbore upon radial expansion, and provide an 
hydraulic seal. 

As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the 
subterranean formation 1605, a drill string is used in a well known manner to drill 
out material from the subterranean formation 1605 to form a new wellbore section 
1650. The diameter of the new section 1650 is preferably equal to or greater than the 
inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 for 
forming a mono-diameter wellbore casing in a subterranean formation is then 
positioned in the new section 1650 of the wellbore 1600. The apparatus 1700 
preferably includes a support member 1705, an expandable mandrel or pig 1710, a 
tubular member 1715, a shoe 1720, slips 1725, a fluid passage 1730, one or more fluid 
passages 1735, a fluid passage 1740, a first compressible annular body 1745, a second 
compressible annular body 1750, and a pressure chamber 1755. 

The support member 1705 supports the apparatus 1700 within the wellbore 
1600. The support member 1705 is coupled to the mandrel 1710, the tubular member 
1715, the shoe 1720, and the slips 1725. The support member 1075 preferably 
comprises a substantially hollow tubular member. The fluid passage 1730 is 
positioned within the support member 1705. The fluid passages 1735 fluidicly couple 
the fluid passage 1730 with the pressure chamber 1755. The fluid passage 1740 
fluidicly couples the fluid passage 1730 with the region outside of the apparatus 1700. 

The support member 1705 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
stainless steel, low alloy steel, carbon steel, 13 chromium steel, fiberglass, or other 
high strength materials. In a preferred embodiment, the support member 1705 is 
fabricated from oilfield country tubular goods available from various foreign and 
domestic steel mills in order to optimally provide operational strength and faciliate 
the use of other standard oil exploration handling equipment. In a preferred 
embodiment, at least a portion of the support member 1705 comprises coiled tubing 
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or a drill pipe. In a particularly preferred embodiment, the support member 1705 
includes a load shoulder 1820 for supporting the mandrel 1710 when the pressure 

chamber 1755 is unpressurized. 

Themandrell710issupportedbyand S lidinglycoupled to the support member 

1705 and the shoe 1720. The mandrel 1710 preferably includes an upper portion 
1760 and a lower portion 1765. Preferably, the upper portion 1760 of the mandrel 
1710 and the support member 1705 together define the pressure chamber 1755. 
Preferably, the lower portion 1765 of the mandrel 1710 includes an expansion 
member 1770 for radially expanding the tubular member 1715. 

In a preferred embodiment, the upper portion 1760 of the mandrel 1710 
includes a tubular member 1775 having an inner diameter greater than an outer 
diameterofthesu PP ortmemberl705. In this manner, an annular pressure chamber 
1755 isdefined by and positioned between the tubular member 1775 and the support 
member 1705. The top 1780 of the tubular member 1775 preferably includes a 
bearing and a seal for sealing and supporting the top 1780 of the tubular member 
1775 against the outer surface of the support member 1705. The bottom 1785 of the 
tubular member 1775 preferably includes a bearing and seal for sealing and 
supporting the bottom 1785 of the tubular member 1775 against the outer surface of 
the support member 1705 or shoe 1720. In this manner, the mandrel 1710 moves m 
an axial direction upon the pressurization of the pressure chamber 1755. 

The lower portion 1765 of the mandrel 1710 preferably includes an expansion 
member 1770 for radially expanding the tubular member 1715 during the 
pressurization of the pressure chamber 1755. In a preferred embodiment, the 
expansion member is expandable in the radial direction. In a preferred embodunent, 
theinnersurfaceofthelowerportionl765ofthemandrell710mateswithandshdes 

with respect to the outer surface of the shoe 1720. The outer diameter of the 
expansion member 1770 may range from about 90 to 100 % of the inner diameter of 
the tubular casing 1620. In a preferred embodiment, the outer diameter of the 
expansion member 1770 ranges from about 95 to 99 % of the inner diameter of the 
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tubular casing 1620. The expansion member 1770 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
machine tool steel, ceramics, tungsten carbide, titanium or other high strength alloys. 
In a preferred embodiment, the expansion member 1770 is fabricated from D2 
machine tool steel in order to optimally provide high strength and abrasion 
resistance. 

The tubular member 1715 is coupled to and supported by the support member 
1705 and slips 1725. The tubular member 1715 includes an upper portion 1790 and 

a lower portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes an 
inner annular recess 1800 that extends from the upper portion 1790 of the tubular 
member 1715. In this manner, at least a portion of the upper portion 1790 of the 
tubular member 1715 includes a thin walled section 1805. The first compressible 
annular member 1745 is preferably coupled to and supported by the outer surface of 
the upper portion 1790 of the tubular member 1715 in opposing relation to the thin 
wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably includes an 
outer annular recess 1810 that extends from the lower portion 1790 of the tubular 
member 1715. In this manner, at least a portion of the lower portion 1795 of the 
tubular member 1715 includes a thin walled section 1815. The second compressible 
annular member 1750 is coupled to and at least partially supported within the outer 
annular recess 1810 of the upper portion 1790 of the tubular member 1715 in 
opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
stainless steel, low alloy steel, carbon steel, automotive grade steel, fiberglass, 13 
chrome steel, other high strength material, or high strength plastics. In a preferred 
embodiment, the tubular member 1715 is fabricated from oilfield country tubular 
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: . „K»r 1705 the oressure chamber 1755, and the region 
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coupled to the region extoior to the apparatus .700 by the fluid passage 1740. 

mapreferredembodiment, the fluid passage 1730 is adapted to conveyfluidic 
trials such as, for example, ce m e„t, epoxy, drilUng muds, s.ag mix, water or 
, driUing gaasea. .„ a preferred embodiment, the fluid passage 173 .adapted^ 
convey fluidic materials at flow rate and pressures ranging from about 0 to 3,00 
gahons/minute and 0 to 9,000 psi. in order * optima.,, provide flow rates and 
operational pressures for the radial expansion processes. 

Thefluidpassagesl735 convey fluidic material from the flmd passage 1730 to 
10 the pressure chamber 1755. In a preferred embodiment, the fluid paasage 1735 » 
adapted to convey fluidic materia, such as, for exampK cement, epoxy, dnUmg 
m „ds, water or driUing gaasea. In a preferred erabodiment, the fluid passage 1735 ■ 
adapted to convey fluidic materiaia at flow rate and pressurea ranging from abont 0 

, ■ . ,.„(««/ in order to optimally provide operating 
to 500 gallons/mmute and 0 to 9,000 psi. in oroei v 

15 pressures and flow rates for the various expansion process. 

The fluid paasage 1740 conveys fluidic materials from the fluid passage 1730 

to the region exterior to the apparahrs 1700. In a preferred embodiment, the fluid 
passage 1740 la adapted to convey fluidic materials such as, for example , cement_ 
epoxy, driUing muda, water or drilUng gaasas. In a preferred embodiment, the fluid 
„. pa SS agel740iaadaptedtoconveyfluidic»ateria.aa t flow ra teandpressurearangin 
ft omloutOto3,OOOgaUons,minuteandOto9,OOOpsi.mordertoopfmaUyprov,de 
operatingpresauresandflowrateaforthevariouaradialexpansionprocesaea. 

l„apreferredembodiment,thefluidpa SS agel740isadaptedtorece,veapl«g 

or other similar device for sealing the fluid passage 1740. In this manner, the 
• 25 pressure chamber 1755 may be pressurized. 

: The first compressible annular bod, 1745 is coupled to and supported by an 

' exterior surface o, the upper portion 1790 of the tubular member 1715. In a 

: preferred embodiment, the first compressible annular body 1745 is positioned m 

^ opposing relation to the thin walled section 1805 of the tubular member 1715. 
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The first compressible annular body 1745 helps to minimize the radial force 
required to expand the tubular member 1715 in the overlap with the tubular casing 
1620, helps to create a fluidic seal in the overlap with the tubular casing 1620, and 
helps to create an interference fit sufficient to permit the tubular member 1715 to be 
5 supportedby the tubularcasing 1620. The first compressible annular body 1745 may 
comprise any number of commercially available compressible materials such as, for 
example, epoxy, rubber, Teflon, plastics, or hollow lead tubes. In a preferred 
embodiment, the first compressible annular body 1745 comprises StrataLock epoxy 
availablefromHaUibu^ 
10 seal, and compressibility to minimize the radial expansion force. 

The wall thickness of the first compressible annular body 1745 may range from 
about 0 05 to 0.75 inches. In a preferred embodiment, the wall thickness of the first 
compressible annular body 1745 ranges from about 0.1 to 0.5 inches in order to 
optimally (1) provide a large compressible zone, (2) minimize the required radial 
15 expansion force, (3) transfer the radial force to the tubular casings. As a result, in a 
preferred embodiment, overall the outer diameter of the tubular member 1715 is 
approximately equal to the overall inner diameter of the tubular member 1620. 

The second compressible annular body 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the tubular member 1715. In a 
20 preferred embodiment, the second compressible annular body 1750 is positioned in 
opposing relation to the thin walled section 1815 of the tubular member 1715. 

The second compressible annular body 1750 helps to minimize the radial force 
required to expand the tubular member 1715 in the overlap with another tubular 
member, helps to create a fluidic seal in the overlap of the tubular member 17 15 with 
25 another tubular member, and helps to create an interference fit sufficient to permit 
another tubular member to be supported by the tubular member 1715. The second 
compressible annular body 1750 may comprise any number of commercially available 
compressible materials such as, for example, epoxy, rubber, Teflon, plastics or hollow 
lead tubing. In a preferred embodiment, the first compressible annular body 1750 
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Aft e r po S it i oningoftheappara.u S 1700,afluidicmateriall825i S then P u m ped 
into the fluid passage 1730. The fluid* materia! 1825 may oomprise any number of 
conventional commercial!, available materials saoh as, for examp.e, water, dnlhng 
m ud,drminggases,cementorepr,xy..na P referredembomment,thefluidioma te na. 
1825oom P risesaharden* 1 efluidiosea 1 ingma^lsuchas,forexample,oementm 

order to provide an outer annular body around the expanded hmular member 1715 
The fluidic material 1825 may be pumped into the fluid passage 1730 at 

operating pressures and flow rates, for example, ranging from about 0 to 9,000 ps. 

and 0 to 3,000 gallons/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes through 

the fluid passage 1740 and outside of the apparatus 1700. The fluidic » 

fflls the annular region 1830 between the outside of the apparatus 1700 and the 

interior walls of the wellbore 1600. 

Asi Uustra te dinF i g.l4e,aplugl835isthenintroducedintotheflu 1 dpassage 

1,30. The plug 1835 iodges in the inlet to the fluid passage 1740 fluidity isolate* 

and blocking off the fluid passage 1730. 

A „uLmate ri a.l840i S thenpumpedintothefluidpassagel730. Theflu.d.c 

material 1840 may comprise any number of conventional commercially available 
materia* such as, for examp.e, water, dri.ling mud or drilling gases. In a preferred 
embodiment, the fluidic material 1825 comprises a non-hardenable fluahc matenal 
such aa, for example, drffling mud or driUmg gases in order to optimally pro.de 
pressurization of the pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 
operating pressures and flow rates ranging, for examp.e, from about 0 to 9,00 Ops. 
and 0 to 500 gaUona/minute. In a preferred embodiment, the fluid,c matenal 1840 
i.pump^intothefluidpaasagengOatoperatingpressuresandflowratesrangtng 

fro mabout500to5,000psiand0to500gallons/mi n uteiaorder to optimally provme 
operating pressures and flow rates for radial expansion. 
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The fluidic material 1840 pumped into the fluid passage 1730 passes through 
the fluid passages 1735 and into the pressure chamber 1755. Continued pumping of 
the fluidic material 1840 pressurizes the pressure chamber 1755. The pressurization 
of the pressure chamber 1755 causes the mandrel 1710 to move relative to the 
support member 1705 in the direction indicated by the arrows 1845. In this manner, 
the mandrel 1710 will cause the tubular member 1715 to expand in the radial 
direction. 

During the radial expansion process, the tubular member 1715 is prevented 
from moving in an upward direction by the slips 1725. A length of the tubular 
member 1715 is then expanded in the radial direction through the pressurization of 
the pressure chamber 1755. The length of the tubular member 1715 that is expanded 
during the expansion process will be proportional to the stroke length of the mandrel 
1710. Upon the completion of a stroke, the operating pressure of the pressure 
chamber 1755 is then reduced and the mandrel 1710 drops to it rest position with the 
tubular member 1715 supported by the mandrel 1715. The position of the support 
member 1705 may be adjusted throughout the radial expansion process in order to 
maintain the overlapping relationship between the thin walled sections, 1640 and 
1805, of the tubular casing 1620 and tubular member 1715. The stroking of the 
mandrel 1710 is then repeated, as necessary, until the thin walled section 1805 of the 
tubular member 1715 is expanded into the thin walled section 1640 of the tubular 
casing 1620. 

In a preferred embodiment, during the final stroke of the mandrel 1710, the 
slips 1725 are positioned as close as possible to the thin walled section 1805 of the 
tubular member 1715 in order minimize slippage between the tubular member 1715 
and tubular casing 1620 at the end of the radial expansion process. Alternatively, or 
in addition, the outside diameter of the first compressive annular member 1745 is 
selected to ensure sufficient interference fit with the tubular casing 1620 to prevent 
axial displacement of the tubular member 1715 during the final stroke. Alternatively, 
or in addition, the outside diameter of the second compressive annular body 1750 is 
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1860 between the tubular casing 1620 and the expanded tubular member 1715 
includes the deformed thin wall sections, 1640 and 1805, and the compressible 
annular bodies, 1645 and 1745. The inner diameter of the resulting combined 
wellbore casings is substantially constant. In this manner, a mono-diameter wellbore 
5 casing is formed. This process of expanding overlapping tubular members having 
thin wall end portions with compressible annular bodies into contact can be repeated 
for the entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

Referring now to Figures 15, 15a and 15b, an embodiment of an apparatus 
0 1900 for expanding a tubular member will be described. The apparatus 1900 
preferably includes a drillpipe 1905, an innerstring adapter 1910, a sealing sleeve 
1915, an inner sealing mandrel 1920, an upper sealing head 1925, a lower sealing 
head 1930, an outer sealing mandrel 1935, a load mandrel 1940, an expansion cone 
1945, a mandrel launcher 1950, a mechanical slip body 1955, mechanical slips 1960, 
15 drag blocks 1965, casing 1970, and fluid passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adapter 1910. During 
operation ofthe apparatus 1900, the drillpipe 1905 supports the apparatus 1900. The 
drillpipe 1905 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 1905 may be fabricated from any number of conventional 
20 commercially available materials such as, for example, oilfield country tubular 
drillpipe, fiberglass or coiled tubing. In a preferred embodiment, the drillpipe 1905 
is fabricated from coiled tubing in order to faciliate the placement of the apparatus 
1900 in non-vertical wellbores. The drillpipe 1905 may be coupled to the innerstring 
adapter 1910 using any number of conventional commercially available mechanical 
25 couplings such as, for example, drillpipe connectors, OCTG specialty type box and pin 
connectors, a ratchet-latch type connector or a standard box by pin connector. In a 
preferred embodiment, the drillpipe 1905 is removably coupled to the innerstring 
adapter 1910 by a drillpipe connection. 
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operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 1915 is coupled to the innerstring adapter 1910 and the 
inner sealing mandrel 1920. The sealing sleeve 1915 preferably comprises a 
substantially hollow tabular member or members. The sealing sleeve 1915 may be 
fabricated from any number of conventional commercially available matenals such 
as for example, oilfield country tubular goods, carbon steel, low alloy steel, stainless 
stee.orotherhighstrengthmaterials.lnapreferred embodiment, the sealing sleeve 
1915 is fabricated from oilfield country tubular goods in order to optimally prov.de 
mechanical properties that substantially match the remaining components of the 
apparatus 1900. 

The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 usmg 
anynumberofconventionmcommerdafiyavailablemeohanicmcouplingssuchasfor 

example, dnl.pipe connection, oilfie.d country tubular goods specialty type threaded 

In a preferred embodiment, the sealing sleeve 1915 is removably coupled to the 
inneratringadapterWlObyastandardthreadedconnection.TheseahngsloeveWlS 

may be coupled to the inner sealing mandrel 1920 using any number of conventional 
commercially available mechanical couplings such as, for example, drdhupe 
connection, oilfieid country tubular goods specialty type threaded connection or a 
standard threaded connection. In a preferred embodiment, the sealing sfceve 1916 
is removably coupled to the inner sealing mandrel 1920 by a standard threaded 

connection. , 
Thesealingsleevel915 P referablyincludesafluidpa SS agel985that 1 sadapted 

to convey fluidic matenals from the fluid passage 1980 into the fluid passage 1990. 
in a preferred embodiment, the fluid passage 1985 is adapted to convey Bote 

pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 
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The upper sealing head 1925 is coupled to the outer sealing mandrel 1935 and 
the expansion cone 1945. The upper sealing head 1925 is also movably coupled to the 
outer surface of the inner sealing mandrel 1920 and the inner surface of the casing 
1970. In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and 
the expansion cone 1945 reciprocate in the axial direction. The radial clearance 
between the inner cylindrical surface of the upper sealing head 1925 and the outer 
surface of the inner sealing mandrel 1920 may range, for example, from about 0.025 
to 0.05 inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical surface of the upper sealing head 1925 and the outer surface of the inner 
sealing mandrel 1920 ranges from about 0.005 to 0.01 inches in order to optimally 
provide clearance for pressure seal placement. The radial clearance between the 
outer cylindrical surface of the upper sealing head 1925 and the inner surface of the 
casing 1970 may range, for example, from about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the upper 
sealing head 1925 and the inner surface of the casing 1970 ranges from about 0.025 
to 0 . 125 inches in order to optimally provide stabilization for the expansion cone 1945 
as the expansion cone 1945 is upwardly moved inside the casing 1970. 

The upper sealing head 1925 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 1925 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, stainless steel, machine tool steel, or 
similar high strength materials. In a preferred embodiment, the upper sealing head 
1925 is fabricated from stainless steel in order to optimally provide high strength and 
smooth outer surfaces that are resistant to wear, galling, corrosion and pitting. 

The inner surface of the upper sealing head 1925 preferably includes one or 
more annular sealing members 2000 for sealing the interface between the upper 
sealing head 1925 and the inner sealing mandrel 1920. The sealing members 2000 
may comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized seals. 
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In a preferred embodiment, the sealing members 2000 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
motion. 

In a preferred embodiment, the upper sealing head 1925 includes a shoulder 
5 2005 for supporting the upper sealing head 1925 on the lower sealing head 1930. 

The upper sealing head 1925 may be coupled to the outer sealing mandrel 1935 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, or a standard threaded connections. In a preferred 

10 embodiment, the upper sealing head 1925 is removably coupled to the outer sealing 
mandrel 1935 by a standard threaded connections. In a preferred embodiment, the 
mechanical coupling between the upper sealing head 1925 and the outer sealing 
mandrel 1935 includes one or more sealing members 2010 for fluidicly sealing the 
interface between the upper sealing head 1925 and the outer sealing mandrel 1935. 

15 The sealing members 2010 may comprise any number of conventional commercially 
available sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2010 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroking motion. 

20 The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 and 

the load mandrel 1940. The lower sealing head 1930 is also movably coupled to the 
inner surface of the outer sealing mandrel 1935. In this manner, the upper sealing 
head 1925 and outer sealing mandrel 1935 reciprocate in the axial direction. The 
radial clearance between the outer surface of the lower sealing head 1930 and the 

25 inner surface of the outer sealing mandrel 1935 may range, for example, from about 
0.025 to 0.05 inches. In a preferred embodiment, the radial clearance between the 
outer surface of the lower sealing head 1930 and the inner surface of the outer sealing 
mandrel 1935 ranges from about 0.005 to 0.010 inches in order to optimally provide 
a close tolerance having room for the installation of pressure seal rings. 
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The lower sealing head 1930 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 1930 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, stainless steel, machine tool steel or 
other similar high strength materials. In a preferred embodiment, the lower sealing 
head 1930 is fabricated from stainless steel in order to optimally provide high 
strength and resistance to wear, galling, corrosion, and pitting. 

The outer surface of the lower sealing head 1930 preferably includes one or 
more annular sealing members 2015 for sealing the interface between the lower 
sealing head 1930 and the outer sealing mandrel 1935. The sealing members 2015 
may comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized seals. 
In a preferred embodiment, the sealing members 2015 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The lower sealing head 1930 may be coupled to the inner sealing mandrel 1920 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the lower sealing head 1930 is removably 
coupled to the inner sealing mandrel 1920 by a standard threaded connection. 

In a preferred embodiment, the mechanical couplingbetween the lower sealing 
head 1930 and the inner sealing mandrel 1920 includes one or more sealing members 
2020 for fluidicly sealing the interface between the lower sealing head 1930 and the 
inner sealing mandrel 1920. The sealing members 2020 may comprise any number 
of conventional commercially available sealing members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2020 comprise polypak seals available from Parker Seals in order 
to optimally provide sealing for a long axial motion. 
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The lower sealing head 1930 may be coupled to the load mandrel 1940 using 
anynumberofconventionalcommerciallyavailablemechanical couplings suchas.for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connections, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the lower sealing head 1930 is removably coupled to the load 
mandrel 1940 by a standard threaded connection. In a preferred embodiment, the 
m echanicalcouplingbetween the lower sealing head 1930 and the load mandrel 1940 
includesoneormore S ealingmembers2025forfluidiclysealingtheinterfacebetween 

the lower sealing head 1930 and the load mandrel 1940. The sealing members 2025 
may comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals, or metal spring energized seals. In a 
preferred embodiment, the sealing members 2025 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the lower sealing head 1930 includes a throat 
passage 2040 fluidicly coupled between the fluid passages 1990 and 1995. The throat 
passage 2040 is preferably of reduced size and is adapted to receive and engage with 
a plug 2045, or other similar device. In this manner, the fluid passage 1990 is 
fluidicly isolated from the fluid passage 1995. In this manner, the pressure chamber 

2030 is pressurized. 

The outer sealing mandrel 1935 is coupled to the upper sealing head 1925 and 
the expansion cone 1945. The outer sealing mandrel 1935 is also movably coupled to 
the inner surface of the casing 1970 and the outer surface of the lower sealing head 
1930 In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and 
the expansion cone 1945 reciprocate in the axial direction. The radial clearance 
between the outer surface of the outer sealing mandrel 1935 and the inner surface 
of the casing 1970 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the outer 
sealing mandrel 1935 and the inner surface of the casing 1970 ranges from about 
0.025 to 0.125 inches in order to optimally provide maximum piston surface area to 
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maximize the radial expansion force. The radial clearance between the inner surface 
of the outer sealing mandrel 1935 and the outer surface of the lower sealing head 
1930 may range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner surface of the outer sealing 
mandrel 1935 and the outer surface of the lower sealing head 1930 ranges from about 
0.005 to 0.010 inches in order to optimally provide a minimum gap for the sealing 
elements to bridge and seal. 

The outer sealing mandrel 1935 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
1935 may be fabricated from any number of conventional commercially available 
materials such as, for example, low alloy steel, carbon steel, 13 chromium steel or 
stainless steel. In a preferred embodiment, the outer sealing mandrel 1935 is 
fabricated from stainless steel in order to optimally provide maximum strength and 
minimum wall thickness while also providing resistance to corrosion, galling and 
pitting. 

The outer sealing mandrel 1935 may be coupled to the upper sealing head 1925 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, standard threaded connections, or welding. In a preferred 
embodiment, the outer sealing mandrel 1935- is removably coupled to the upper 
sealing head 1925 by a standard threaded connections connection. The outer sealing 
mandrel 1935 may be coupled to the expansion cone 1945 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, or a standard threaded connections connection, or welding. In a 
preferred embodiment, the outer sealing mandrel 1935 is removably coupled to the 
expansion cone 1945 by a standard threaded connections connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner sealing 
mandrel 1920, and the outer sealing mandrel 1935 together define a pressure 
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chamber 2030. The pressure chamber 2030 is fluidicly coupled to the passage 1990 
via one or more passages 2035. During operation of the apparatus 1900, the plug 
2045 engages with the throat passage 2040 to fluidicly isolate the fluid passage 1990 
from the fluid passage 1995. The pressure chamber 2030 is then pressurized which 
in turn causes the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 to reciprocate in the axial direction. The axial motion of the 
expansion cone 1945 in turn expands the casing 1970 in the radial direction. 

The load mandrel 1940 is coupled to the lower sealing head 1930 and the 
mechanical slip body 1955. The load mandrel 1940 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The load mandrel 
1940 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the load mandrel 1940 is fabricated from oilfield country tubular goods 
in order to optimally provide high strength. 

The load mandrel 1940 may be coupled to the lower sealing head 1930 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the load mandrel 1940 is removably coupled to the lower 
sealing head 1930 by a standard threaded connection. The load mandrel 1940 may 
be coupled to the mechanical slip body 1955 using any number of conventional 
commercially available mechanical couplings such as, for example, a drillpipe 
connection, oilfield country tubular goods specialty type threaded connections, 
welding, amorphous bonding, or a standard threaded connections connection. In a 
preferred embodiment, the load mandrel 1940 is removably coupled to the mechanical 
slip body 1955 by a standard threaded connections connection. 

The load mandrel 1940 preferably includes a fluid passage 1995 that is adapted 
to convey fluidic materials from the fluid passage 1990 to the region outside of the 
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apparatus 1900. In a preferred embodiment, the fluid passage 1995 is adapted to 
convey fiuidic materials such as, for example, cement, epoxy, water, drilling mud, or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The expansion cone 1945 is coupled to the outer sealing mandrel 1935. The 
expansion cone 1945 is also movably coupled to the inner surface of the casing 1970. 
In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and the 
expansion cone 1945 reciprocate in the axial direction. The reciprocation of the 
expansion cone 1945 causes the casing 1970 to expand in the radial direction. 

The expansion cone 1945 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 inches in order to optimally provide cone dimensions for the typical 

range of tubular members. 

The axial length of the expansion cone 1945 may range, for example, from 
about 2 to 8 times the largest outer diameter of the expansion cone 1945. In a 
preferred embodiment, the axial length of the expansion cone 1945 ranges from about 
3 to 5 times the largest outer diameter of the expansion cone 1945 in order to 
optimally provide stability and centralization of the expansion cone 1945 during the 
expansion process. In a preferred embodiment, the angle of attack of the expansion 
cone 1945 ranges from about 5 to 30 degrees in order to optimally balance friction 
forces with the desired amount of radial expansion. The expansion cone 1945 angle 
of attack will vary as a function of the operating parameters of the particular 

expansion operation. 

The expansion cone 1945 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, ceramics, 
tungsten carbide, nitride steel, or other similar high strength materials. In a 
preferred embodiment, the expansion cone 1945 is fabricated from D2 machine tool 
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steel in order to optimally provide high strength and resistance to corrosion, wear, 
galling, and pitting. In a particularly preferred embodiment, the outside surface of 
the expansion cone 1945 has a surface hardness ranging from about 58 to 62 Rockwell 
C in order to optimally provide high strength and resist wear and galling. 
5 The expansion cone 1945 may be coupled to the outside sealing mandrel 1935 

using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield tubular country goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded 
connections connection. In a preferred embodiment, the expansion cone 1945 is 
10 coupled to the outside sealing mandrel 1935 using a standard threaded connections 
connection in order to optimally provide connector strength for the typical operating 
loading conditions while also permitting easy replacement of the expansion cone 
1945. 

The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 
15 launcher 1950 comprises a tubular section of casing having a reduced wall thickness 
compared to the casing 1970. In a preferred embodiment, the wall thickness of the 
mandrel launcher is about 50 to 100 % of the wall thickness of the casing 1970. In 
this manner, the initiation of the radial expansion of the casing 1970 is facilitated, 
and the insertion of the larger outside diameter mandrel launcher 1950 into the 

• " # *"20 wellbore and/or casing is facilitated. 

.... The mandrel launcher 1950 may be coupled to the casing 1970 using any 

number of conventional mechanical couplings. The mandrel launcher 1950 may have 

•••• 

a wall thickness ranging, for example, from about 0.15 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the mandrel launcher 1950 ranges from about 0.25 

* * 25 to 0.75 inches in order to optimally provide high strength with a small overall profile. 
•V*. The mandrel launcher 1950 may be fabricated from any number of conventional 

commercially available materials such as, for example, oil field tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. In 
a preferred embodiment, the mandrel launcher 1950 is fabricated from oil field 
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tubular goods of higher strength but lower wall thickness than the casing 1970 in 
order to optimally provide a thin walled container with approximately the same burst 
strength as the casing 1970. 

The mechanical slip body 1955 is coupled to the load mandrel 1970, the 
mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 1955 
preferably comprises a tubular member having an inner passage 2050 fluidicly 
coupled to the passage 1995. In this manner, fluidic materials may be conveyed from 
the passage 2050 to a region outside of the apparatus 1900. 

The mechanical slip body 1955 may be coupled to the load mandrel 1940 using 
any number of conventional mechanical couplings. In a preferred embodiment, the 
mechanical slip body 1955 is removably coupled to the load mandrel 1940 using a 
standard threaded connection in order to optimally provide high strength and permit 
the mechanical slip body 1955 to be easily replaced. The mechanical slip body 1955 
may be coupled to the mechanical slips 1955 using any number of conventional 
mechanical couplings. In a preferred embodiment, the mechanical slip body 1955 is 
removably coupled to the mechanical slips 1955 using threads and sliding steel 
retainer rings in order to optimally provide high strength coupling and also permit 
easy replacement of the mechanical slips 1955. The mechanical slip body 1955 may 
be coupled to the drag blocks 1965 using any number of conventional mechanical 
couplings. In a preferred embodiment, the mechanical slip body 1955 is removably 
coupled to the drag blocks 1965 using threaded connections and sliding steel retainer 
rings in order to optimally provide high strength and also permit easy replacement 
of the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outside surface of the mechanical 
slip body 1955. During operation of the apparatus 1900, the mechanical slips 1960 
prevent upward movement of the casing 1970 and mandrel launcher 1950. In this 
manner, during the axial reciprocation of the expansion cone 1945, the casing 1970 
and mandrel launcher 1950 are maintained in a substantially stationary position. In 
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this manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
direction by the axial movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer tungsten 
carbide mechanical slips, RTTS packer wicker type mechanical slips or Model 3L 
retrievable bridge plug tungsten carbide upper mechanical slips. In a preferred 
embodiment, the mechanical slips 1960 comprise RTTS packer tungsten carbide 
mechanical slips available from Halliburton Energy Services in order to optimally 
provide resistance to axial movement of the casing 1970 during the expansion 
process. 

The drag blocks 1965 are coupled to the outside surface of the mechanical slip 
body 1955. During operation of the apparatus 1900, the drag blocks 1965 prevent 
upward movement of the casing 1970 and mandrel launcher 1950. In this manner, 
during the axial reciprocation of the expansion cone 1945, the casing 1970 and 
mandrel launcher 1950 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
direction by the axial movement of the expansion cone 1945. 

The drag blocks 1965 may comprise any number of conventional commercially 
available mechanical slips such as, for example, RTTS packer tungsten carbide 
mechanical slips, RTTS packer wicker type mechanical slips or Model 3L retrievable 
bridge plug tungsten carbide upper mechanical slips. In a preferred embodiment, the 
drag blocks 1965 comprise RTTS packer tungsten carbide mechanical slips available 
from Halliburton Energy Services in order to optimally provide resistance to axial 
movement of the casing 1970 during the expansion process. 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 1970 is 
further removably coupled to the mechanical slips 1960 and drag blocks 1965. The 
casing 1970 preferably comprises a tubular member. The casing 1970 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oil field country tubular goods, low alloy steel, 
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carbon steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the casing 1970 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 
high strength. In a preferred embodiment, the upper end of the casing 1970 includes 
one or more sealing members positioned about the exterior of the casing 1970. 

During operation, the apparatus 1900 is positioned in a wellbore with the 
upper end of the casing 1970 positioned in an overlapping relationship within an 
existing wellbore casing. In order minimize surge pressures within the borehole 
duringplacement of the apparatus 1900, the fluid passage 1975 is preferably provided 
with one or more pressure relief passages. During the placement of the apparatus 
1900 in the wellbore, the casing 1970 is supported by the expansion cone 1945. 

After positioning of the apparatus 1900 within the bore hole in an overlapping 
relationship with an existing section of wellbore casing, a first fiuidic material is 
pumped into the fluid passage 1975 from a surface location. The first fiuidic material 
is conveyed from the fluid passage 1975 to the fluid passages 1980, 1985, 1990, 1995, 
and 2050. The first fiuidic material will then exit the apparatus and fill the annular 
region between the outside of the apparatus 1900 and the interior walls of the bore 
hole. 

The first fiuidic material may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, epoxy or 
cement. In a preferred embodiment, the first fiuidic material comprises a hardenable 
fiuidic sealing material such as, for example, cement or epoxy. In this manner, a 
wellbore casing having an outer annular layer of a hardenable material may be 
formed. 

The first fiuidic material may be pumped into the apparatus 1900 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3,000 gallons/minute. In a preferred embodiment, the first fiuidic material is pumped 
into the apparatus 1900 at operating pressures and flow rates ranging from about 0 



-106- 



Attorney Docket No. 25791.17 



.5 



20 



25 



to 4 500 psi and 0 to 3,000 gallons/minute in order to optimally provide operating 

P-ures^^ 

At a predetermined point in the injection of the first 

,f nf the apparatus 1900 has been filled 
for example, after the annular region outside of the appara 
for example, . nluff 2045 dart or other similar device is introduced into 

to a predetermined level, a plug 2045, dart, 

the first fluid, materia.. The plug 2045 Wges in the throat pa^ge 2040 thereby 
finitely isolating the fluid passage 1990 from the fluid passage 1995. 

Ler placement of the plug 2045 in the throat passage 2040, a second flurdrc 
^eri^s pumped into the fluid passage 1975 in order to presto the pressu e 

. ' ' !„ Thc second fluidic material may comprise any number of 
chamber 2030. tne seco «™mle water, drilling 

conventional commercially available matenals such as, for example, w 
Z, defiling mod or hmricant. In a preferred embodiment the secon 
Lteria, comprises a non-hardenabU fluidic material such as, for example, water, 

drilling mud or lubricant in order minimize fridional forces. 

g The second fluidic materia, may be pumped into the apparatus M» at 
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provide expansion of the casing 1970. M whead 
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v andrel 1935 and expansion cone 1945 to move m an axial 
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™» i Q4*> moves in the axial direction, the expansion 
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;randcasmg 19TO . I n this manner, the axia, movement of the expansron cone 
19 45 radially expands the mandre! iauncher 19 50 and casing 197^ 

Once theupperaeallnghead 1925, outer „eahng mandrel 1935, ande P 
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material is reduced and the drill string 1905 is raised. This causes the inner sealing 
mandrel 1920, lower sealing head 1930, load mandrel 1940, and mechanical slip body 
1955 to move upward. This unsets the mechanical slips 1960 and permits the 
mechanical slips 1960 and drag blocks 1965 to be moved upward within the mandrel 
launcher and casing 1970. When the lower sealing head 1930 contacts the upper 
sealing head 1925, the second fluidic material is again pressurized and the radial 
expansion process continues. In this manner, the mandrel launcher 1950 and casing 
1970 are radial expanded through repeated axial strokes of the upper sealing head 
1925, outer sealing mandrel 1935 and expansion cone 1945. Throughput the radial 
expansion process, the upper end of the casing 1970 is preferably maintained in an 
overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 1970 is 
expanded into intimate contact with the inside surface of the lower end of the existing 
wellbore casing. In a preferred embodiment, the sealing members provided at the 
upper end of the casing 1970 provide a fluidic seal between the outside surface of the 
upper end of the casing 1970 and the inside surface of the lower end of the existing 
wellbore casing. In a preferred embodiment, the contact pressure between the casing 
1970 and the existing section of wellbore casing ranges from about 400 to 10,000 psi 
in order to optimally provide contact pressure for activating sealing members, provide 
optimal resistance to axial movement of the expanded casing 1970, and optimally 
support typical tensile and compressive loads. 

In a preferred embodiment, as the expansion cone 1945 nears the end of the 
casing 1970, the operating flow rate of the second fluidic material is reduced in order 
to minimize shock to the apparatus 1900. In an alternative embodiment, the 
apparatus 1900 includes a shock absorber for absorbing the shock created by the 
completion of the radial expansion of the casing 1970. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 1945 nears 
the end of the casing 1970 in order to optimally provide reduced axial movement and 
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v e.ocity of the expansion cone 1945. In a preferred embodiment, the operatrng 
pressure o, the second flnidic materia, is reduced during the return stroke of the 
apparatus!^ to the range ofaboutO to 500 psi in order minimize the resistance to 
the movement of the expansion cone 1945. In a preferred embodiment, the stroke 
.ength o, the apparatus 1900 ranges from about 10 to 45 feet in order to optunally 

while also minimizing the frequency at which the expansion cone 1945 must be 
stopped so the apparatus 1900 can be re-stroked for further expansion opsone. 
Inanalte m ativeembodiment,atleastapartionoftheupperseahngheadl925 

ta c,udes an expansion cone for radially expanding the mandrel launcher 1950 and 

easing 1970 during operation of the apparatus .900 in order to increase the surface 

area of the cosing 1970 acted upon during the radial expansion process. In 

manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips are posuroned m an anal 
l0 cationbetweentheseaUng S .eevel915andtheinnersea.ingmandren920inorder 

to simplify the operation and assembly of the apparatus 1900 

Upon thecompleteradia.expansionof the casing 1970, if apphcable, the flrst 

flnidic materia, is permitted to cure within the annu,ar region between the ou«s,de 
oftheexpandedcnsing^Oandtheinteriorwailaofthewenbore.nthecasewh^e 

the expanded casing 1970 is s.otted, the cured flnidic materia! wdl profe^ 
permlandenveioptheexpandedeasmg.IntMsmanner.anewsectmnofweUbor 

ling is formed within a weflbore. Alternative*, the apparatus 1900 may be u^ 
* joi aflrst sectionof pipeiine toan existingseotion ofpipenne. Al.oma .veiy, the 

louttheuaoofanontorannu.m.ayerofabardenab.ematerim.Mterna.ve.y.the 

apparatus 1900 may be used to expand a tubular support member in a hole. 

During the radial expansion process, the pressurised areas of the apparatus 
190 0 are .united to the fluid passages 1975, 1980, 1985, and 1990, 
ehamber 2030. No fluid pressure acts directly on the mandrel launcher 1950 and 
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casing 1970. This permits the use of operating pressures higher than the mandrel 
launcher 1950 and casing 1970 could normally withstand. 

Referring now to Figure 16, a preferred embodiment of an apparatus 2100 for 
forming a mono-diameter wellbore casing will be described. The apparatus 2100 
preferably includes a drillpipe 2105, an innerstring adapter 2110, a sealing sleeve 
2115, an inner sealing mandrel 2120, slips 2125, upper sealing head 2130, lower 
sealing head 2135, outer sealing mandrel 2140, load mandrel 2145, expansion cone 

2150, and casing 2155. 

The drillpipe 2105 is coupled to the innerstring adapter 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the apparatus 2100. The 
drillpipe 2105 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2105 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength material. 
15 In a preferred embodiment, the drillpipe 2105 is fabricated from coiled tubing in 
order to faciliate the placement of the apparatus 1900 in non-vertical wellbores. The 
drillpipe 2105 may be coupled to the innerstring adapter 2110 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type connection, or a standard threaded connection. In a 
preferred embodiment, the drillpipe 2105 is removably coupled to the innerstring 
adapter 2110 by a drill pipe connection. 

The drillpipe 2105 preferably includes a fluid passage 2160 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2165. In a 
25 preferred embodiment, the fluid passage 2160 is adapted to convey fluidic materials 
such as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 



20 
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• , f ,n te r2110iscoupledtothedrillstring2105andthesealing 
Theinnerstnngadapter2U0 1 sc p g a substantial ly 

hollowtubularmemberormembers. ^ ^ for 

from any number of conventional "^Z^^^** 

oroth er -^* ta order to optimally provide high 

adapter 2110 is fabricated from stamless steel 

— cal couplings such as. for 
ex an.ple,driUpipe connects, 0,lfieW country nnection . ma 

to seahng sleeve 2U5 using an, number ^of co ^ ^ 

tubular goods specialty type thread embod iment, the 

section, or a standard threaded connect.. * r* ^ ^ 

in „erstring adapter 2U0 is removably coupled to the seal 

21 70. 1»^ OT ^7 nt em 7 n nl vlrdrillingmuds.or.ubrtcnntsat 
^^-^^r^.nabout.to.OOOp^OtoS.OOO 
, operating pressures and flow rates rang, s 

gaUonsfednute. , u6 is ^ to the mnerstring adapter 2U0 and the 

inner sealing mandrel 2120. w . The sealing sleeve 2115 may be 

substantia* hollow tubular member or member, The seahng 
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fabricated from any number of conventional commercially available materials such 
as for example, oil field tubular goods, low alloy steel, carbon steel, stainless steel or 
other similar high strength materials. In a preferred embodiment, the sealing sleeve 
2115isfabricatedfromstainlesssteelinordertooptimally P rovidehighstren^ 

5 friction surfaces, and resistance to corrosion, wear, galling, and pitting. 

The sealing sleeve 2115 may be coupled to the innerstring adapter 2110 using 
anynumberofconventionalcommerciallyavailablemechanicalcouplingssuchas.for 

example.astandard threaded connection, oilfield country tubular goods specialty type 
threaded connections, welding, amorphous bonding, or a standard threaded 
10 connection.Inapreferredembodiment,thesealing S leev e 2115isremovablycoupled 

to the innerstring adapter 2110 by a standard threaded connection. The sealing 

sleeve 2115 may be coupled to the inner sealing mandrel 2120 using any number of 

conventional commercially available mechanical couplings such as, for example, a 

standard threaded connection, oilfield country tubular goods specialty type threaded 

15 connections, welding, amorphous bonding, or a standard threaded connection. In a 

preferred embodiment, the sealing sleeve 2115 is removably coupled to the inner 

sealing mandrel 2120 by a standard threaded connection. 

The S ealingsleeve2115preferablyincludesafluidpassage2170thati S ada P ted 

to convey fluidic materials from the fluid passage 2165 into the fluid passage 2175. 
20 In a preferred embodiment, the fluid passage 2170 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud, or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The inner sealing mandrel 2120 is coupled to the sealing sleeve 2115, slips 
25 2125, and the lower sealing head 2135. The inner sealing mandrel 2120 preferably 
comprises a substantially hollow tubular member or members. The inner sealing 
mandrel 2120 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
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preferred embodiment, the inner sealing mandrel 2120 is fabricated from stainless 
steel in order to optimally provide high strength, low friction surfaces, and corroston 

and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 2115 
usinganynumberof conventional commercially available mechanical couplings such 

as for example, drillpipe connection, oilfield country tubular goods specialty type 
threadedconnection,orastandardthreadedconnection.lnapreferredembod^ 

the inner sealing mandrel 2120 is removably coupled to the sealing sleeve 2115 by a 
standard threaded connection. The standard threaded connection provides high 
strength and permits easy replacement of components. The inner sealing mandrel 
2120 may be coupled to the slips 2125 using any number of conventional 
commercially available mechanical couplings such as, for example, welding. 
amorphousbonding,orastandardthreadedconnection.lnapreferredembodiment, 

the inner sealing mandrel 2120 is removably coupled to the slips 2125 by a standard 
threaded connection. The inner sealing mandrel 2120 may be coupled to the lower 
sealing head 2135 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the inner sealing mandrel 
2120 is removably coupled to the lower sealing head 2135 by a standard threaded 

connection. o-irre+u + 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 that 
is adapted to convey fluidic materials from the fluid passage 2170 into the fluid 
passage2180.Inapreferredembodiment,thefluidpassage2175isadaptedto convey 

fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The slips 2125 are coupled to the outer surface of the inner sealing mandrel 
2120.Duringoperationoftheapparatus2l00,theslips2125preferablymaintainthe 
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casing 2155 in a substantially stationary position during the radial expansion of the 
casing 2155. In a preferred embodiment, the slips 2125 are activated using the fluid 
passages 2185 to convey pressurized fluid material into the slips 2125. 

The slips 2125 may comprise any number of commercially available hydraulic 
slips such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug hydraulic slips. In a preferred embodiment, the slips 2125 
comprise RTTS packer tungsten carbide hydraulic slips available from Halliburton 
Energy Services in order to optimally provide resistance to axial movement of the 
casing 2155 during the expansion process. In a particularly preferred embodiment, 
the slips include a fluid passage 2190, pressure chamber 2195, spring return 2200, 
and slip member 2205. 

The slips 2125 may be coupled to the inner sealing mandrel 2120 using any 
number of conventional mechanical couplings. In a preferred embodiment, the slips 
2125 are removably coupled to the outer surface of the inner sealing mandrel 2120 
by a thread connection in order to optimally provide interchangeability of parts. 

The upper sealing head 2 130 is coupled to the outer sealing mandrel 2 140 and 
expansion cone 2150. The upper sealing head 2130 is also movably coupled to the 
outer surface of the inner sealing mandrel 2 120 and the inner surface of the casing 
2155. In this manner, the upper sealing head 2130 reciprocates in the axial direction. 
The radial clearance between the inner cylindrical surface of the upper sealing head 
2130 and the outer surface of the inner sealing mandrel 2120 may range, for example, 
from about 0.025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the inner cylindrical surface of the upper sealing head 2130 and the outer 
surface of the inner sealing mandrel 2120 ranges from about 0.005 to 0.010 inches in 
order to optimally provide a pressure seal. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2130 and the inner surface of the casing 
2155 may range, for example, from about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the upper 
sealing head 2130 and the inner surface of the casing 2155 ranges from about 0.025 
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to0.125inchesinordertooptimallyprovidestabilizationfortheexpansioncone2l30 

during axial movement of the expansion cone 2130. 

The upper sealing head 2130 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 2130 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the upper sealing head 2130 is 
fabricated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low friction surfaces. The inner surface of the upper sealing head 
2130 preferably includes one or more annular sealing members 2210 for sealing the 
■ interface between the upper sealing head 2130 and the inner sealing mandrel 2120. 
The sealing members 2210 may comprise any number of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals, or 
metal spring energized seals. In a preferred embodiment, the sealing members 2210 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2130 includes a shoulder 
2215 for supporting the upper sealing head 2130 on the lower sealing head 2135. 

The upper sealing head 2130 maybe coupled to the outer sealing mandrel 2140 
using any number of conventional commercially, available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferredembodiment,theuppersealinghead2130isremovablycoupledtotheouter 

sealing mandrel 2140 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the upper sealing head 2130 and the 
outer sealing mandrel 2140 includes one or more sealing members 2220 for fluidicly 
sealing the interface between the upper sealing head 2130 and the outer sealing 
mandrel 2 140 . The sealing members 2220 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals, 
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or metal spring energized seals. In a preferred embodiment, the sealing members 
2220 comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 and 
5 the load mandrel 2145. The lower sealing head 2135 is also movably coupled to the 
inner surface of the outer sealing mandrel 2140. In this manner, the upper sealing 
head 2130, outer sealing mandrel 2140, and expansion cone 2150 reciprocate in the 
axial direction. The radial clearance between the outer surface of the lower sealing 
head 2135 and the inner surface of the outer sealing mandrel 2140 may range, for 
10 example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial 
clearance between the outer surface of the lower sealing head 2135 and the inner 
surface of the outer sealing mandrel 2140 ranges from about 0.0025 to 0.05 inches in 
order to optimally provide minimal radial clearance. 

The lower sealing head 2135 preferably comprises an annular member having 

f .... 15 substantially cylindrical inner and outer surfaces. The lower sealing head 2135 may 
be fabricated from any number of conventional commercially available materials such 

: as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 

•l 99 * steel or other similar high strength materials. In a preferred embodiment, the lower 

sealing head 2135 is fabricated from stainless steel in order to optimally provide high 

\lYr 20 strength, corrosion resistance, and low friction surfaces. The outer surface of the 
lower sealing head 2135 preferably includes one or more annular sealing members 
2225 for sealing the interface between the lower sealing head 2135 and the outer 

: sealing mandrel 2140. The sealing members 2225 may comprise any number of 

conventional commercially available annular sealing members such as, for example, 

! • • 25 o-rings, polypak seals or metal spring energized seals. In a preferred embodiment, 

*• *" : the sealing members 2225 comprise polypak seals available from Parker Seals in 

order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2 135 may be coupled to the inner sealing mandrel 2 120 
using any number of conventional commercially available mechanical couplings such 
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as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the lower sealing head 2135 is removably 
coupled to the inner sealing mandrel 2120 by a standard threaded connection. In a 
preferred embodiment, the mechanical coupling between the lower sealing head 2135 
and the inner sealing mandrel 2120 includes one or more sealing members 2230 for 
fluidicly sealing the interface between the lower sealing head 2135 and the inner 
sealing mandrel 2120. The sealing members 2230 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2230 comprise polypak seals available from Parker Seals in order 
to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the load mandrel 2145 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the lower sealing head 2135 is removably coupled to the load 
mandrel 2145 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the lower sealing head 2 135 and the load mandrel 2145 
includesoneormoresealingmembers2235forfluidiclysealingthe interface between 

the lower sealing head 1930 and the load mandrel 2145. The sealing members 2235 
may comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals, or metal spring energized seals. In a 
preferred embodiment, the sealing members 2235 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the lower sealing head 2135 includes a throat 
passage 2240 fluidicly coupled between the fluid passages 2175 and 2180. The throat 
passage 2240 is preferably of reduced size and is adapted to receive and engage with 
a plug 2245, or other similar device. In this manner, the fluid passage 2175 is 
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fluidicly isolated from the fluid passage 2180. In this manner, the pressure chamber 
2250 is pressurized. 

The outer sealing mandrel 2140 is coupled to the upper sealing head 2130 and 
the expansion cone 2 150. The outer sealing mandrel 2 140 is also movably coupled to 
the inner surface of the casing 2155 and the outer surface of the lower sealing head 
2135. In this manner, the upper sealing head 2130, outer sealing mandrel 2140, and 
the expansion cone 2150 reciprocate in the axial direction. The radial clearance 
between the outer surface of the outer sealing mandrel 2140 and the inner surface 
of the casing 2155 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the outer 
sealing mandrel 2140 and the inner surface of the casing 2155 ranges from about 
0.025 to 0.125 inches in order to optimally provide stabilization for the expansion 
cone 2130 during the expansion process. The radial clearance between the inner 
surface of the outer sealing mandrel 2140 and the outer surface of the lower sealing 
head 2135 may range, for example, from about 0.OO5 to 0125 inches. In a preferred 
embodiment, the radial clearance between the inner surface of the outer sealing 
mandrel 2140 and the outer surface of the lower sealing head 2135 ranges from about 
0.005 to 0.010 inches in order to optimally provide minimal radial clearance. 

The outer sealing mandrel 2140 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
2140 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel, or other similar high strength materials. In a preferred 
embodiment, the outer sealing mandrel 2140 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The outer sealing mandrel 2 140 may be coupled to the upper sealing head 2 130 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
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connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the outer sealing mandrel 2140 is removably coupled to the 
upper sealing head 2130 by a standard threaded connection. The outer sealing 
mandrel 2140 may be coupled to the expansion cone 2150 using any number of 
5 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the outer sealing mandrel 2140 is removably coupled to the expansion 
cone 2150 by a standard threaded connection. 
10 The upper sealing head 2130, the lower sealing head 2135, inner sealing 

mandrel 2120, and the outer sealing mandrel 2140 together define a pressure 
chamber 2250. The pressure chamber 2250 is fluidicly coupled to the passage 2175 
via one or more passages 2255. During operation of the apparatus 2100, the plug 
2245 engages with the throat passage 2240 to fluidicly isolate the fluid passage 2175 
15 from the fluid passage 2180. The pressure chamber 2250 is then pressurized which 
in turn causes the upper sealing head 2130, outer sealing mandrel 2140, and 
expansion cone 2150 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2150 in turn expands the casing 2155 in the radial direction. 

The load mandrel 2145 is coupled to the lower sealing head 2135. The load 
20, mandrel 2145 preferably comprises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 2145 may be fabricated from 
any number of conventional commercially available materials such as, for example, 

: oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other 

similar high strength materials. In a preferred embodiment, the load mandrel 2145 

•• •• 

I ' : 25 is fabricated from stainless steel in order to optimally provide high strength, 
• " *• * 

• corrosion resistance, and low friction bearing surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2135 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 



• •••• 



• * 
*• 

• •• * • 
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connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the load mandrel 2145 is removably coupled to the lower 
sealing head 2135 by a standard threaded connection in order to optimally provide 
high strength and permit easy replacement of the load mandrel 2145. 

The load mandrel 2145 preferably includes a fluid passage 2180 that is adapted 
to convey fluidic materials from the fluid passage 2180 to the region outside of the 
apparatus 2100. In a preferred embodiment, the fluid passage 2180 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud, or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. The 
expansion cone 2150 is also movably coupled to the inner surface of the casing 2 155. 
In this manner, the upper sealing head 2130, outer sealing mandrel 2140, and the 
expansion cone 2150 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2150 causes the casing 2155 to expand in the radial direction. 

The expansion cone 2150 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 inches in order to optimally provide cone dimensions that are optimal 
for typical casings. The axial length of the expansion cone 2150 may range, for 
example, from about 2 to 6 times the largest outside diameter of the expansion cone 
2150. In a preferred embodiment, the axial length of the expansion cone 2150 ranges 
from about 3 to 5 times the largest outside diameter of the expansion cone 2150 in 
order to optimally provide stability and centralization of the expansion cone 2150 
during the expansion process. In a particularly preferred embodiment, the maximum 
outside diameter of the expansion cone 2150 is between about 90 to 100 % of the 
inside diameter of the existing wellbore that the casing 2155 will be joined with. In 
a preferred embodiment, the angle of attack of the expansion cone 2150 ranges from 
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about 5 to 30 degrees in order to optimally balance friction forces and radial 
expansion forces. The optimal expansion cone 2150 angle of attack will vary as a 
function of the particular operating conditions of the expansion operation. 

The expansion cone 2150 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics, or other similar high strength materials. 
In a preferred embodiment, the expansion cone 2150 is fabricated from D2 machine 
tool steel in order to optimally provide high strength and resistance to wear and 
galling. In a particularly preferred embodiment, the outside surface of the expansion 
cone 2150 has a surface hardness ranging from about 58 to 62 Rockwell C in order 
to optimally provide resistance to wear. 

The expansion cone 2150 may be coupled to the outside sealing mandrel 2140 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the expansion cone 2150 is coupled to the 
outside sealing mandrel 2140 using a standard threaded connection in order to 
optimally provide high strength and permit the expansion cone 2150 to be easily 
replaced. 

The casing 2155 is removably coupled to the slips 2125 and expansion cone 
2150. The casing2155 preferably comprises a tubular member. The casing 2155 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength material. In a preferred 
embodiment, the casing 2155 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 
high strength. 

In a preferred embodiment, the upper end 2260 of the casing 2155 includes a 
thin wall section 2265 and an outer annular sealing member 2270. In a preferred 
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embodiment, the wall thickness of the thin wall section 2265 is about 50 to 100 % of 
the regular wall thickness of the casing 2 155. In this manner, the upper end 2260 of 
the casing 2155 may be easily expanded and deformed into intimate contact with the 
lower end of an existing section of wellbore casing. In a preferred embodiment, the 
5 lower end of the existing section of casing also includes a thin wall section. In this 
manner, the radial expansion of the thin walled section 2265 of casing 2155 into the 
thin walled section of the existing wellbore casing results in a wellbore casing having 
a substantially constant inside diameter. 

The annular sealing member 2270 may be fabricated from any number of 
10 conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. In a preferred embodiment, the annular sealing member 
2270 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular sealing 
member 2270 preferably ranges from about 70 to 95 % of the inside diameter of the 
15 lower section of the wellbore casing that the casing 2155 is joined to. In this manner, 
after expansion, the annular sealing member 2270 preferably provides a fluidic seal 
and also preferably provides sufficient frictional force with the inside surface of the 
existing section of wellbore casing during the radial expansion of the casing 2155 to 
support the casing 2155. 
20 In a preferred embodiment, the lower end 2275 of the casing 2155 includes a 

thin wall section 2280 and an outer annular sealing member 2285. In a preferred 
embodiment, the wall thickness of the thin wall section 2280 is about 50 to 100 % of 
the regular wall thickness of the casing 2155. In this manner, the lower end 2275 of 
the casing 2155 may be easily expanded and deformed. Furthermore, in this manner, 
# • 25 an other section of casing may be easily joined with the lower end 2275 of the casing 
2155 using a radial expansion process. In a preferred embodiment, the upper end of 
V. the other section of casing also includes a thin wall section. In this manner, the 

!\: radial expansion of the thin walled section of the upper end of the other casing into 
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• • 
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the thin walled section 2280 of the lower end of the casing 2155 results in a wellbore 
casing having a substantially constant inside diameter. 

The annular sealing member 2285 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, epoxy, 
rubber metal or plastic. In a preferred embodiment, the annular sealing member 
2285 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and wear resistance. The outside diameter of the annular seahng 
member 2285 preferably ranges from about 70 to 95 % of the inside diameter of the 
lower section of the existing wellbore casing that the casing 2155 is joined to. In tins 
manner, the annular sealing member 2285 preferably provides a fluidic seal and also 
preferably provides sufficient frictional force with the inside wall of the wellbore 
during the radial expansion of the casing 2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a wellbore 
withtheupperend2260ofthecasing2155positionedinanoverla P pingrelationsh ip 

with the lower end of an existing wellbore casing. In a particularly preferred 
embodiment, the thin wall section 2265 of the casing 2155 is positioned in opposmg 
overlapping relation with the thin wall section and outer annular sealing member of 
the lower end of the existing section of wellbore casing. In this manner, the radial 
expansion of the casing 2155 will compress the thin wall sections and annular 
compressible members of the upper end 2260 ofthe casing 2155 and the lower end of 
the existing wellbore casing into intimate contact. During the positioning of the 
apparatus 2100 in the wellbore, the casing 2155 is supported by the expansion cone 

2150. . 
Mterpositiorungoftheap P aratus2100,afxrstfluidicmaterialisthen P umped 

into the fluid passage 2160. The first fluidic material may comprise any number of 
conventional commercially available materials such as, for example, drilling mud, 
water, epoxy, or cement. In a preferred embodiment, the first fluidic material 
comprisesahardenablefluidicsealingmaterialsuchas.forexample.cementorepoxy 
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ta order ,0 provide a hardenab.e outer anmdar V* around the expanded casing 

2156 ' The first fluid* materia, ma, be pumped into the fluid passage 2160 at 
onera^™ and flow rates ranging, for e*amp.e, from ahout 0 to 4.500 ps, 
Z TZ oZnons/minute. .n a preferred embodiment, the first fluid, matena. 

^lutOtoS.aOOpai^Otol.OO.aUons/nunuteinordertooptm.aUvprov.de 

operational efficiency. h 
The first flnidic material pumped mto the fluid passage 

au* 2170 2175 2180 and then outside of the apparatus 2100. 

sir cr— s - - — - — - — ° f the 

, od ges i t hroat passage 2240 and fluidicly isoiates and biochs off the flu. 
2175 mapreferredembodiment.seoupleofvo.umesofanon.harden.ble 

Zenab, flu.dic materia, conned ..thin and to ensure that none of the flutd 

,„ second fluidie materia, may comprise any number of conveniens ™« 
TaTl materia, such as, for e,amp,e, mining mud. water, drdhng *-,J* 
Xicants .napreferredembod.ment.theseoondfln.d.ematerWcompn.san - 

or dertoo P timallyprov.deprea 5 uriza.ionofthepres S ureehamber2250andm 
25 ftiCti0 ThlZnd flu.d.o materia, may he pumped mto the fluid parage 21S0 at 
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ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 

provide operational efficiency. 

Thesecondfluidicmaterial pumped into the fluid passage 2 160 passes through 
the fluid passages 2165, 2170, and 2175 into the pressure chambers 2195 of the slips 
2125, and into the pressure chamber 2250. Continued pumping of the second fluidic 
material pressurizes the pressure chambers 2195 and 2250. 

The pressurization of the pressure chambers 2195 causes the slip members 
2205 to expand in the radial direction and grip the interior surface of the casing 2155. 
The casing 2155 is then preferably maintained in a substantially stationary position. 

The pressurization of the pressure chamber 2250 causes the upper sealing head 
2130, outer sealing mandrel 2140 and expansion cone 2150 to move in an axial 
direction relative to the casing 2155. In this manner, the expansion cone 2150 will 
cause the casing 2155 to expand in the radial direction. 

Duringthe radial expansion process, the casing 2155 is prevented from moving 
15 in an upward direction by the slips 2125. A length of the casing 2155 is then 
expanded in the radial direction through the pressurization of the pressure chamber 
2250. The length of the casing 2155 that is expanded during the expansion process 
will be proportional to the stroke length of the upper sealing head 2 130 , outer sealing 
mandrel 2140, and expansion cone 2150. 

Upon the completion of a stroke, the operating pressure of the second fluidic 
material is reduced and the upper sealinghead 2130, outer sealing mandrel 2140, and 
expansion cone 2150 drop to their rest positions with the casing 2155 supported by 
the expansion cone 2150. The position of the drillpipe 2105 is preferably adjusted 
throughout the radial expansion process in order to maintain the overlapping 
relationshipbetween the thin walled sections ofthe lower end ofthe existing weilbore 
casing and the upper end ofthe casing 2155. In a preferred embodiment, the stroking 
of the expansion cone 2150 is then repeated, as necessary, until the thin walled 
section 2265 ofthe upper end 2260 ofthe casing 2 155 is expanded into the thin walled 
section of the lower end of the existing weilbore casing. In this manner, a weilbore 
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casing is formed including two adjacent sections of casing having a substantially 
constant inside diameter. This process may then be repeated for the entirety of the 
wellbore to provide a wellbore casing thousands of feet in length having a 
substantially constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 2 150, 
the slips 2125 are positioned as close as possible to the thin walled section 2265 of the 
upper end of the casing 2155 in order minimize slippage between the casing 2155 and 
the existing wellbore casing at the end of the radial expansion process. Alternatively, 
or in addition, the outside diameter of the annular sealing member 2270 is selected 
to ensure sufficient interference fit with the inside diameter of the lower end of the 
existing casing to prevent axial displacement of the casing 2155 during the final 
stroke. Alternatively, or in addition, the outside diameter of the annular sealing 
member 2285 is selected to provide an interference fit with the inside walls of the 
wellbore at an earlier point in the radial expansion process so as to prevent further 
axial displacement of the casing 2155. In this final alternative, the interference fit 
is preferably selected to permit expansion of the casing 2 155 by pulling the expansion 
cone 2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. 

During the radial expansion process, the pressurized areas of the apparatus 
2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the pressure 
chambers 2195 within the slips 2125, and the pressure chamber 2250. No fluid 
pressure acts directly on the casing 2 155 . This permits the use of operating pressures 
higher than the casing 2155 could normally withstand. 

Once the casing 2155 has been completely expanded off of the expansion cone 
2150, remaining portions of the apparatus 2100 are removed from the wellbore. In 
a preferred embodiment, the contact pressure between the deformed thin wall 
sections and compressible annular members of the lower end of the existing casing 
and the upper end 2260 of the casing 2155 ranges from about 500 to 40,000 psi in 
order to optimally support the casing 2155 using the existing wellbore casing. 
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I» this manner, the casing 2155 is radially expanded into contact with an 
exi S tingsectionorcasingb yP reasunzix 1 gtheinteriornuidpa S sa e as2160,2165,2170. 

and 2175 and the pressure chamber 2250 of the apparatus 2100. 

inapreferredembodiment.asrequired.theannularbodyofhardenab.enu.d.e 

m aterial is then allowed to cure to form a rigid outer annu.ar body about the 
expanded casing2155. .n thecase where the casing 2155 iaaWted, the cured fldtc 

^wsectionofwehborecasinginctudesthe expanded casi„g2155and the ngtd outer 
^ularbo^.Theoveriappingjointbetweenthepre.exiatingwenborecaamgaudthe 
expanded caamg 2155 inctudes the deformed thin wali sections and the compre.a.ble 
„nterannularbodies.Theinnerdiameteroftheresultingcomhinedwenboreca S1 ngs 

„ substantial* constant. In this manner, a mono-diameter wellbore casmg ts 
formed. This process of expanding overiapping tubular members havmg thm wan 
end portions with compressive annular bodies into contact can be repeated for the 
entire iength of a wellbore. In this manner, amono-diameterwellborecastng can be 
provided for thousands of feet in a subterranean formation. 

In a prefer embodiment, as the expansion cone 2150 nears the upper end 
of thecasing2155, the operating flew rate of the second fluidie mate™, is reduced 
inori ertominimizeshoc k totbeapparatus2100.Inana 1 ternativeembod 1 ment,h 

apparatus 2!00 includes a shock absorber for .absorbing the shock created by 
completion of the radial expansion of the casing 2155. 

In a preferred embodiment, the reduced operating pressure of the second 

fluidicmaterial ranges from aboutlOO to l.OOOpsi as the expansion cone2130 nears 
,heendoftbecasing2155inordertooptiman y providereducedaxia,movementand 

velocity of the expansion cone 2130. In a preferred embodiment, the operating 
measure of the second fluidie materia! is reduced, during the return stroke of the 
apparatus2100 to therange of about 0 to 500 psi in order minimize the reststance to 
the movement of the expansion cone 2130 during the return stroke. In . .preyed 
embodiment, the stroke length of the apparatus 2100 ranges from about 10 to45 feet 
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in order to optimally provide equipment lengths that can be handled by conventional 
oil well rigging equipment while also minimizing the frequency at winch the 
expansion cone 2130 must be stopped so that the apparatus 2100 can be re-stroked. 
Inan alternative embodiment ( atleastaportionoftheuppersealinghead2130 

includes an expansion cone for radially expanding the casing 2155 during operation 
of the apparatus 2100 in order to increase the surface area of the casing 2155 acted 
upon during the radial expansion process. In this manner, the operating pressures 
can be reduced. 

Alternatively, the apparatus 2100 may be used to join a first section of pipeline 
to an existing section of pipeline. Alternatively, the apparatus 2100 may be used to 
directly line the interior of a wellbore with a casing, without the use of an outer 
annular layer of a hardenable material. Alternatively, the apparatus 2100 may be 
used to expand a tubular support member in a hole. 

Referring now to Figures 17, 17a and 17b, another embodiment of an 
apparatus 2300 for expanding a tubular member will be described. The apparatus 
2300 preferably includes a drillpipe 2305, an innerstring adapter 2310, a sealing 
sleeve 2315, a hydraulic slip body 2320, hydraulic slips 2325, an inner sealing 
mandrel2330,anupper S ealinghead2335,alowersealinghead2340,aload mandrel 

2345,an outer sealing mandrel 2350, an expansion cone 2355, a mechanical slip body 
2360,mechanicalslips2365,dragblocks2370,casing2375,fluidpas S ages 2380,2385, 

2390, 2395, 2400, 2405, 2410, 2415, and 2485, and mandrel launcher 2480. 

The drillpipe 2305 is coupled to the innerstring adapter 2310. During 
operationoftheapparatu S 2300,thedrillpipe2305sup P ortstheapparatus2300.The 

drillpipe 2305 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2305 may be fabricated from any number of conventional 
commerciallyavailablematerials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the drillpipe 2305 is fabricated from coiled tubing in 
order to faciliate the placement of the apparatus 2300 in non-vertical wellbores. The 
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drillpipe 2305 may be coupled to the innerstring adapter 2310 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, or 
a standard threaded connection. In a preferred embodiment, the drillpipe 2305 is 
5 removably coupled to the innerstring adapter 2310 by a drillpipe connection. 

The drillpipe 2305 preferably includes a fluid passage 2380 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2385. In a 
preferred embodiment, the fluid passage 2380 is adapted to convey fluidic materials 
such as, for example, cement, water, epoxy, drilling muds, or lubricants at operating 
10 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 5,000 
gallons/minute in order to optimally provide operational efficiency. 

The innerstring adapter 2310 is coupled to the drill string 2305 and the sealing 
sleeve 2315. The innerstring adapter 2310 preferably comprises a substantially 
hollow tubular member or members. The innerstring adapter 2310 maybe fabricated 
15 from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the innerstring 
adapter 2310 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 
m : 20 The innerstring adapter 23 10 may be coupled to the drill string 2305 using any 

number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
innerstring adapter 2310 is removably coupled to the drill pipe 2305 by a drillpipe 
25 connection. The innerstring adapter 23 10 may be coupled to the sealing sleeve 2315 
using any number of conventional commercially available mechanical couplings such 
as, for example, a drillpipe connection, oilfield country tubular goods specialty 
threaded connection, or a standard threaded connection. In a preferred embodiment, 
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the innerstring adapter 2310 is removably coupled to the sealing sleeve 2315 by a 
standard threaded connection. 

The innerstring adapter 2310 preferably includes a fluid passage 2385 that is 
adapted to convey fluidic materials from the fluid passage 2380 into the fluid passage 
5 2390. In a preferred embodiment, the fluid passage 2385 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud, drilling gases or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and the 
10 hydraulic slip body 2320. The sealing sleeve 2315 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2315 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the sealing 
15 sleeve 2315 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low-friction surfaces. 

The sealing sleeve 2315 may be coupled to the innerstring adapter 2310 using 
anynumberofconventionalcommerciallyavailablemechanical couplings suchas.for 
example, drillpipe connections, oilfield country tubular goods specialty threaded 
connections, or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 2315 is removably coupled to the innerstring adapter 2310 by a 
standard threaded connection. The sealing sleeve 2315 may be coupled to the 
hydraulic slip body 2320 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
25 tubular goods specialty threaded connection, or a standard threaded connection. In 
a preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
hydraulic slip body 2320 by a standard threaded connection. 

The sealing sleeve 23 15 preferably includes a fluid passage 2390 that is adapted 
to convey fluidic materials from the fluid passage 2385 into the fluid passage 2395. 
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. ♦ fK C fhiM oassage 2315 is adapted to convey fluidic 

t„ c nrpfprred embodiment, the fluid passage *o 

In a preterrea emu ^lline mud or lubricants at 

operating pressures and flow rates rangi g 

^"triuHo * bo* 2320 is coupled to the sealing s,eeve 23X5 the 

example, driUpipe connect, on, otlfield ecu ry embodlin ent, the 

Km. », a standard- threaded connection. In a preterrea em 

, 11 L is remedy coupled t. the seating sleeve 2315 hy a 
hydrauhe sltp bod, 2320 a - hydraulic slip body 2320 may be coupled to the 
standard threaded connects. The hydrauhe si p J 
shps 2325 using any number of conventional cotnmema ly a 
eouphngs such as, for example, driUpipe — ^ c^**» ^ 

2320 may be coupled to the inner seai * example, 
mandrel 2330 by a standard threaded connection. 
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The hydraulic slips body 2320 preferably includes a fluid passage 2395 that is 
adapted to convey fluidic materials from the fluid passage 2390 into the fluid passage 
2405. In a preferred embodiment, the fluid passage 2395 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slips body 2320 preferably includes fluid passage 2400 that are 
adapted to convey fluidic materials from the fluid passage 2395 into the pressure 
chambers 2420 of the hydraulic slips 2325. In this manner, the slips 2325 are 
activated upon the pressurization of the fluid passage 2395 into contact with the 
inside surface of the casing 2375. In a preferred embodiment, the fluid passages 2400 
are adapted to convey fluidic materials such as, for example, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip body 
2320. During operation of the apparatus 2300, the slips 2325 are activated upon the 
pressurization of the fluid passage 2395 into contact with the inside surface of the 
casing 2375. In this manner, the slips 2325 maintain the casing 2375 in a 
substantially stationary position. 

The- slips 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and slip members 2430. The slips 2325 may 
comprise any number of conventional commercially available hydraulic slips such as, 
for example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydraulic slips. In a preferred embodiment, the slips 2325 comprise 
RTTS packer tungsten carbide hydraulic slips available from Halliburton Energy 
Services in order to optimally provide resistance to axial movement of the casing 2375 
during the radial expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 2320 and 
the lower sealing head 2340. The inner sealing mandrel 2330 preferably comprises 
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a substantially hollow tubular member or members. The inner sealing mandrel 2330 
may be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. In a preferred embodiment, 
5 the inner sealing mandrel 2330 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 

The inner sealing mandrel 2330 may be coupled to the hydraulic slip body 2320 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 

10 connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the inner sealing mandrel 2330 is removably coupled to the 
hydraulic slip body 2320 by a standard threaded connection. The inner sealing 
mandrel 2330 may be coupled to the lower sealing head 2340 using any number of 
conventional commercially available mechanical couplings such as, for example, 

15 drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding, or a standard threaded connection. In a preferred 

»• 

embodiment, the inner sealing mandrel 2330 is removably coupled to the lower 
sealing head 2340 by a standard threaded connection. 
' : The inner sealing mandrel 2330 preferably includes a fluid passage 2405 that 

* 20 is adapted to convey fluidic materials from the fluid passage 2395 into the fluid 

passage 2415. In a preferred embodiment, the fluid passage 2405 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, water, drilling mud, or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 

* and 0 to 3,000 gallons/minute. 

* 25 The upper sealing head 2335 is coupled to the outer sealing mandrel 2345 and 

expansion cone 2355. The upper sealing head 2335 is also movably coupled to the 
outer surface of the inner sealing mandrel 2330 and the inner surface of the casing 
2375. In this manner, the upper sealing head 2335 reciprocates in the axial direction. 
The radial clearance between the inner cylindrical surface of the upper sealing head 
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2335 and the outer surface of the inner sealing mandrel 2330 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the inner cylindrical surface of the upper sealing head 2335 and the outer 
surface of the inner sealing mandrel 2330 ranges from about 0.005 to 0.01 inches in 
order to optimally provide minimal clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the casing 
2375 may range, for example, from about 0.O25 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the upper 
sealing head 2335 and the inner surface of the casing 2375 ranges from about 0.025 
to 0. 125 inches in order to optimally provide stabilization for the expansion cone 2355 
during the expansion process. 

The upper sealing head 2335 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 2335 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the upper 
sealing head 2335 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The inner surface of the 
upper sealing head 2335 preferably includes one or more annular sealing members 
2435 for sealing the interface between the upper sealing head 2335 and the inner 
sealing mandrel 2330. The sealing members 2435 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
o-rings, polypak seals or metal spring energized seals. In a preferred embodiment, 
the sealing members 2435 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2335 includes a shoulder 
2440 for supporting the upper sealing head on the lower sealing head 1930. 

The upper sealing head 2335 may be coupled to the outer sealing mandrel 2350 
using any number of conventional commercially available mechanical couplings such 
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as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the upper sealing head 2335 is removably coupled to the outer 
sealing mandrel 2350 by a standard threaded connection. In a preferred 
5 embodiment, the mechanical coupling between the upper sealing head 2335 and the 
outer sealing mandrel 2350 includes one or more sealing members 2445 for fluidicly 
sealing the interface between the upper sealing head 2335 and the outer sealing 
mandrel 2350. The sealing members 2445 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals 
10 or metal spring energized seals. In a preferred embodiment, the sealing members 
2445 comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for long axial strokes. 

The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 and 
the load mandrel 2345. The lower sealing head 2340 is also movably coupled to the 
15 inner surface of the outer sealing mandrel 2350. In this manner, the upper sealing 
head 2335 and outer sealing mandrel 2350 reciprocate in the axial direction. The 
radial clearance between the outer surface of the lower sealing head 2340 and the 
inner surface of the outer sealing mandrel 2350 may range, for example, from about 
0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between the 
20. outer surface of the lower sealing head 2340 and the inner surface of the outer sealing 
mandrel 2350 ranges from about 0.005 to 0.010 inches in order to optimally provide 
minimal radial clearance. 

The lower sealing head 2340 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2340 may 
25 be fabricated from any number of conventional commercially available materials such 
as, for example, oilfield tubular members, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the lower 
sealing head 2340 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The outer surface of the 
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lower sealing head 2340 preferably includes one or more annular sealing members 
2450 for sealing the interface between the lower sealing head 2340 and the outer 
sealing mandrel 2350. The sealing members 2450 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
5 o-rings, polypak seals or metal spring energized seals. In a preferred embodiment, 
the sealing members 2450 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2340 may be coupled to the inner sealing mandrel 2330 
using any number of conventional commercially available mechanical couplings such 
10 as, for example, drillpipe connection, oilfield country tubular specialty threaded 
connection, welding, amorphous bonding, or standard threaded connection. In a 
preferred embodiment, the lower sealing head 2340 is removably coupled to the inner 
sealing mandrel 2330 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the lower sealing head 2340 and the 
15 inner sealing mandrel 2330 includes one or more sealing members 2455 for fluidicly 
sealing the interface between the lower sealing head 2340 and the inner sealing 
mandrel 2330. The sealing members 2455 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak or 

• •: metal spring energized seals. In a preferred embodiment, the sealing members 2455 
** 20 comprise polypak seals available from Parker Seals in order to optimally provide 

sealing for a long axial stroke length. 

The lower sealing head 2340 may be coupled to the load mandrel 2345 using 

• ~* 

any number of conventional commercially available mechanical couplings such as, for 
*• example, drillpipe connection, oilfield country tubular goods specialty threaded 

• 25 connection, welding, amorphous bonding or a standard threaded connection. In a 

preferred embodiment, the lower sealing head 2340 is removably coupled to the load 
J mandrel 2345 by a standard threaded connection. In a preferred embodiment, the 

mechanical coupling between the lower sealing head 2340 and the load mandrel 2345 
includes one or more sealing members 2460 for fluidicly sealing the interface between 
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ft. ,ower sealing head 2340 and the load mandrel 2345. The sealing members 2460 
may comprise any number of conventional eom m ercia,,y availabie sealmgmem ers 
such as, tor example, o-rings, polypak seals ormetal spring energized seals. In a 
preferredembodiment, the sealing members 2460 comprise polypaR seals avm.able 

In a preferred embodiment, the lower seating head 2340 .ncludes a throa 
w 2465flnidid y c„npledbet.eenthe n uidpassa g es2405and24 1 5.Theth^t 

aasi2465isp^erab. y ofredncede i ,e m di S .daptedtore.iveandeng^* 

plu^ 2470, or other aimilar device. In this manner, the fund passage 2405 .s 
fll!, y isolatedfromtheflnidpa S sage2416.Inthism m ner,tbepressnrechamber 

2475 is pressurized. .^qc^ 
The outer sealing mandrel 2350 iscoupledto the upper seahng bead 2336 and 
th eexp^oncone2355.Theou te r^n gm andrel2350iaa l8 omo ra b, y ^p.^ 

2340 Intbismanner.thenpperseabngheadJSSS.outerseahngmandre 2 50,and 

"expansion cone 2355 reciprocate in the axia, direction. The radtal Cearan. 
lei the outer surface of the outer sealing mandrel 2350 and the mner surface 

purred embodiment, the radial clearance between the outer surface of the on e 

rTto 0,25 inches in order to optima,,, provide station for the expansmn 
1 2355 during the expansion process. The radial clearance between the - 
Trface of the outer sealing mandrel 2350 and the outer surface of the lower *ahng 
Z ^r340ma y range,forexample,nomabout0.0025to0.3 7 5incbes. Inapreferred 

lodiment, the radial clearance between the inner surface of the ou*r seahng 
rlre.2350andtheoutersurfaeeofthe,owersea,ingbead2340rangesfro ffi about 

0 005 to 0.010 inches in order to optimally provide minimal clearance. 
' The outer sealing mandrel 2350 preferably comprises an annular membe 
Havingsubstanti^cylindncalinnerandoutersurfaeesTheouterseMingmandre. 
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2350 may be fabricated from any number of conventional commercially available 
materials such as, for example, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the outer sealing 
mandrel 2350 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing head 2335 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connections, oilfield country tubular goods specialty 
threaded connections, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the outer sealing mandrel 2350 is removably 
coupled to the upper sealing head 2335 by a standard threaded connection. The outer 
sealing mandrel 2350 may be coupled to the expansion cone 2355 using any number 
of conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the outer sealing mandrel 2350 is removably coupled to the expansion 
cone 2355 by a standard threaded connection. 

The upper sealing head 2335, the lower sealing head 2340, the inner sealing 
mandrel 2330, and the outer sealing mandrel 2350 together define a pressure 
chamber 2475. The pressure chamber 2475 is fluidicly coupled to the passage 2405 
via one or more passages 2410. During operation of the apparatus 2300, the plug 
2470 engages with the throat passage 2465 to fluidicly isolate the fluid passage 2415 
from the fluid passage 2405. The pressure chamber 2475 is then pressurized which 
in turn causes the upper sealing head 2335, outer sealing mandrel 2350, and 
expansion cone 2355 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2355 in turn expands the casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip body 2360. The load mandrel 2345 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The load mandrel 
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2345 may be fabricated from any number of convention, commercially available 
materials such as, for example, oUfleld country tubular goods, low aUoy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the load mandrel 2345 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 usmg 
anynumberofconventionmcommemiallyavailablemechanicolooupUngssuchasfor 

example, driUpipe connection, oilfleld country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the load mandrel 2345 is removably coupled to the lower 
sealing head 2340 by a standard threaded connection. The load mandrel 2345 may 
be coupled to the mechanical slip body 2360 using any number of conventual 
commercially available mechanical couplings such as, for example, dnUptpe 
connection, oilfleld country tubular goods specialty threaded connection, weldmg, 
am0 rphousbondin g ,orastandard threaded connection. In a preferred embodiment, 
the load mandrel 2345 is removably coupled to the mechanical slip body 2360 by a 

standard threaded connection. 

T heloadmandrel 2 345preferablymcludesafluidpa S sage2415th.tisadapted 

to convey fluidic materials from the fluid passage 2405 to the region outside of the 
apparatus 2300. In a preferred embodiment, the fluid passage 2415 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
tabricants at operating pressures and flow rates ranging from about 0 to 9,000 ps, 
and 0 to 3,000 gallons/minute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. The 
expansions 2355 is alsomovahly coupled to the inner surface of the casing 2375. 
In this manner, the upper sealing head 2335, outer sealing mandrel 2350, and the 
expansion cone 2355 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2355 causes the casing 2375 to expand in the radial direction. 
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The expansion cone 2355 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
5 about 3 to 28 inches in order to optimally provide radial expansion of the typical 
casings. The axial length of the expansion cone 2355 may range, for example, from 
about 2 to 8 times the largest outside diameter of the expansion cone 2355. In a 
preferred embodiment, the axial length of the expansion cone 2355 ranges from about 
3 to 5 times the largest outside diameter of the expansion cone 2355 in order to 

10 optimally provide stability and centralization of the expansion cone 2355 during the 
expansion process. In a preferred embodiment, the angle of attack of the expansion 
cone 2355 ranges from about 5 to 30 degrees in order to optimally frictional forces 
with radial expansion forces. The optimum angle of attack of the expansion cone 
2355 will vary as a function of the operating parameters of the particular expansion 

15 operation. 

The expansion cone 2355 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or other similar high strength materials. 
In a preferred embodiment, the expansion cone 2355 is fabricated from D2 machine 
" 9 20 tool steel in order to optimally provide high strength, abrasion resistance, and galling 
resistance. In a particularly preferred embodiment, the outside surface of the 
expansion cone 2355 has a surface hardness ranging from about 58 to 62 Rockwell C 
in order to optimally provide high strength, abrasion resistance, resistance to galling. 
The expansion cone 2355 may be coupled to the outside sealing mandrel 2350 
25 using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the expansion cone 2355 is coupled to the outside sealing 
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mandrel 2350 using a standard threaded connection in order to optimally provide 
high strength and permit the expansion cone 2355 to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
launcher 2480 comprises a tubular section of casing having a reduced wall thickness 
compared to the casing 2375. In a preferred embodiment, the wall thickness of the 
mandrel launcher 2480 is about 50 to 100 % of the wall thickness of the casing 2375. 
In this manner, the initiation of the radial expansion of the casing 2375 is facilitated, 
and the placement of the apparatus 2300 into a wellbore casing and wellbore is 
facilitated. 

The mandrel launcher 2480 may be coupled to the casing 2375 using any 
number of conventional mechanical couplings. The mandrel launcher 2480 may have 
a wall thickness ranging, for example, from about 0.15 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the mandrel launcher 2480 ranges from about 0.25 
to 0.75 inches in order to optimally provide high strength in a minimal profile. The 
mandrel launcher 2480 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. In 
a preferred embodiment, the mandrel launcher 2480 is fabricated from oilfield 
tubular goods having a higher strength than that of the casing 2375 but with a 
smaller wall thickness than the casing 2375 in order to optimally provide a thin 
walled container having approximately the same burst strength as that of the casing 
2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 2460 
preferably comprises a tubular member having an inner passage 2485 fluidicly 
coupled to the passage 2415. In this manner, fluidic materials may be conveyed from 
the passage 2484 to a region outside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 using 
any number of conventional mechanical couplings. In a preferred embodiment, the 
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m echanica. sHp bod, 2360 is remo.ab,y cup.ed to the .oad mandre 234 us. 

atto chment.Themechanicn I*^^ to ^^tTlS 
2365 using any number of conventional mechanical conphngs. In a preferred 
anient, the mechanic, slip hod, 2360 is re m ov a b.y coup.ed to the n— 

a Ugh strength attachment. The mechanical slip hody 2360 may be coup.ed to th 
L b.oc.t370 using any number of convention, mechanic, coup.mgs . . 
preLred embodiment, the mechanic, sUp hody 2360 is removably coupled to th 
^b.ocUs^nahrgthread.andsUdings.e.— rings m order to optmraUy 

orovide a high strength attachment. 

P T h emeohani^ S Upa236 6 mec.up.edto t heou«dasu rf a re of t ham^ 
pr event upward movement of the casing 2375 and mandrel Uuncher 2480 .n th, 

ehismanner.themandrenauncher 2480 and cas ta g 2375 are expanded .ntheradm. 
direction by the axial movement of the expansion cone 2355. 

^mechanic, sUps 2365 may comprise any number of convents, 

carbi de mechanica. ,ips, pecxer vvicxer type mechanic, sups or Mod 
retrievab.e bridge plug tungsten carbide upper mechan.cn. shpa In apre^ed 
embodiment, the mechanic, s..ps 2365 comprise RTTS packer tungsfcn ^ 
n echaniC shps a,ai.ab,e from Hamburton Energy Semces m order to ^ 
provide resistance to axi, movement of the casing 2375 dunng the expansron 

Pr0raSS Th edragb.o*s2370arecoupled tothe outside surface of the mechanical slip 
hod, 2360. During operation of the apparatus 2300, the drag b.ocxs 2370 prevent 
Zrd movement of the easing 2375 and nmndre. .auncher 2480. In thrs manner. 
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during the axial reciprocation of the expansion cone 2355, the casing 2375 and 
mandrel launcher 2480 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 
5 The drag blocks 2370 may comprise any number of conventional commercially 

available mechanical slips such as, for example, RTTS packer mechanical drag blocks 
or Model 3L retrievable bridge plug dragblocks. In a preferred embodiment, the drag 
blocks 2370 comprise RTTS packer mechanical drag blocks available from 
Halliburton Energy Services in order to optimally provide resistance to axial 
10 movement of the casing 2375 during the expansion process. 

The casing 2375 is coupled to the mandrel launcher 2480. The casing 2375 is 
further removably coupled to the mechanical slips 2365 and drag blocks 2370. The 
casing 2375 preferably comprises a tubular member. The casing 2375 may be 
fabricated from any number of conventional commercially available materials such 
15 as, for example, slotted tubulars, oil country tubular goods, carbon steel, low alloy 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the casing 2375 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 
high strength. In a preferred embodiment, the upper end of the casing 2375 includes 
20 . one or more sealing members positioned about the exterior of the casing 2375. 

During operation, the apparatus 2300 is positioned in a wellbore with the 
upper end of the casing 2375 positioned in an overlapping relationship within an 
existing wellbore casing. In order minimize surge pressures within the borehole 
during placement of the apparatus 2300, the fluid passage 2380 is preferably provided 
25 with one or more pressure relief passages. During the placement of the apparatus 
2300 in the wellbore, the casing 2375 is supported by the expansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an overlapping 
relationship with an existing section of wellbore casing, a first fluidic material is 
pumped into the fluid passage 2380 from a surface location. The first fluidic material 
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is conveyed from the fluid passage 2380 to the fluid passages 2385, 2390, 2395, 2405, 
2415, and 2485. The first fluidic material will then exit the apparatus 2300 and fill 
the annular region between the outside of the apparatus 2300 and the interior walls 
of the bore hole. 

5 The first fluidic material may comprise any number of conventional 

commercially available materials such as, for example, epoxy, drilling mud, slag mix, 
cement, or water. In a preferred embodiment, the first fluidic material comprises a 
hardenable fluidic sealing material such as, for example, slag mix, epoxy, or cement. 
In this manner, a wellbore casing having an outer annular layer of a hardenable 
10 material may be formed. 

The first fluidic material may be pumped into the apparatus 2300 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3,000 gallons/minute. In a preferred embodiment, the first fluidic material is pumped 
into the apparatus 2300 at operating pressures and flow rates ranging from about 0 
15 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efficiency. 

At a predetermined point in the injection of the first fluidic material such as, 
for example, after the annular region outside of the apparatus 2300 has been filled 
to a predetermined level, a plug 2470, dart, or other similar device is introduced into 
r*20 the first fluidic material. The plug 2470 lodges in the throat passage 2465 thereby 
fluidicly isolating the fluid passage 2405 from the fluid passage 2415. 

After placement of the plug 2470 in the throat passage 2465, a second fluidic 
material is pumped into the fluid passage 2380 in order to pressurize the pressure 
chamber 2475. The second fluidic material may comprise any number of 
25 conventional commercially available materials such as, for example, water, drilling 
gases, drilling mud or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, water, 
drilling mud or lubricant. 
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The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
material is pumped into the apparatus 2300 at operating pressures and flow rates 
5 ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 
provide operational efficiency. 

The pressurization of the pressure chamber 2475 causes the upper sealing head 
2335, outer sealing mandrel 2350, and expansion cone 2355 to move in an axial 
direction. The pressurization of the pressure chamber 2475 also causes the hydraulic 

10 slips 2325 to expand in the radial direction and hold the casing 2375 in a substantially 
stationary position. Furthermore, as the expansion cone 2355 moves in the axial 
direction, the expansion cone 2355 pulls the mandrel launcher 2480 and drag blocks 
2370 along, which sets the mechanical slips 2365 and stops further axial movement 
of the mandrel launcher 2480 and casing 2375. In this manner, the axial movement 

15 of the expansion cone 2355 radially expands the mandrel launcher 2480 and casing 
2375. 

«• 

l % Once the upper sealing head 2335, outer sealing mandrel 2350, and expansion 

cone 2355 complete an axial stroke, the operating pressure of the second fluidic 
material is reduced. The reduction in the operating pressure of the second fluidic 

•* * 20 material releases the hydraulic slips 2325. The drill string 2305 is then raised. This 
causes the inner sealing mandrel 2330, lower sealing head 2340, load mandrel 2345, 

• • 

and mechanical slip body 2360 to move upward. This unsets the mechanical slips 

• ••• 

2365 and permits the mechanical slips 2365 and drag blocks 2370 to be moved within 
the mandrel launcher 2480 and casing 2375. When the lower sealing head 2340 
25 contacts the upper sealing head 2335, the second fluidic material is again pressurized 
and the radial expansion process continues. In this manner, the mandrel launcher 
2480 and casing 2375 are radial expanded through repeated axial strokes of the upper 
sealing head 2335, outer sealing mandrel 2350 and expansion cone 2355. Throughput 
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the radial expansion process, the upper end of the casing 2375 is preferably 
maintained in an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 2375 is 
expanded into intimate contact with the inside surface ofthe lower end of the existing 
wellbore casing. In a preferred embodiment, the sealing members provided at the 
upper end ofthe casing 2375 provide a fluidic seal between the outside surface ofthe 
upper end ofthe casing 2375 and the inside surface ofthe lower end ofthe existing 
wellbore casing. In a preferred embodiment, the contact pressure between the casing 
2375 and the existing section of wellbore casing ranges from about 400 to 10,000 psi 
in order to optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper end 
ofthe casing 2375, the operating pressure ofthe second fluidic material is reduced in 
order to minimize shock to the apparatus 2300. In an alternative embodiment, the 
apparatus 2300 includes a shock absorber for absorbing the shock created by the 
completion ofthe radial expansion ofthe casing 2375. 

' In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 nears 
the end ofthe casing 2375 in order to optimally provide reduced axial movement and 
velocity of the expansion cone 2355. In a preferred embodiment, the operating 
pressure of the second fluidic material is reduced during the return stroke of the 
apparatus 2300 to the range of about 0 to 500 psi in order minimize the resistance to 
the movement ofthe expansion cone 2355 during the return stroke. In a preferred 
embodiment, the stroke length ofthe apparatus 2300 ranges from about 10 to 45 feet 
in order to optimally provide equipment that can be handled by typical oil well 
rigging equipment and minimize the frequency at which the expansion cone 2355 

must be stopped to permit the apparatus 2300 to be re-stroked. 

Inanalternativeembodiment,atleastaportion 0 ftheuppersealinghead2335 

includes an expansion cone for radially expanding the mandrel launcher 2480 and 
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casing 2375 during operation of the apparatus 2300 in order to increase the surface 
area of the casing 2375 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips 2365 are positioned in an axial 
location between the sealing sleeve 2315 and the inner sealing mandrel 2330 in order 
to optimally the construction and operation of the apparatus 2300. 

Upon the complete radial expansion of the casing 2375, if applicable, the first 
fluidic material is permitted to cure within the annular region between the outside 
of the expanded casing 2375 and the interior walls of the wellbore. In the case where 
the casing 2375 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 2375. In this manner, a new section of wellbore casing 
is formed within a wellbore. Alternatively, the apparatus 2300 may be used to join 
a first section of pipeline to an existing section of pipeline. Alternatively, the 
apparatus 2300 may be used to directly line the interior of a wellbore with a casing, 
without the use of an outer annular layer of a hardenable material. Alternatively, the 
apparatus 2300 may be used to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 2405, and 2410, 
and the pressure chamber 2475. No fluid pressure acts directly on the mandrel 
launcher 2480 and casing 2375. This permits the use of operating pressures higher 
than the mandrel launcher 2480 and casing 2375 could normally withstand. 

Referring now to Figure 18, a preferred embodiment of an apparatus 2500 for 
forming a mono-diameter wellbore casing will be described. The apparatus 2500 
preferably includes a drillpipe 2505, an innerstring adapter 2510, a sealing sleeve 
2515, a hydraulic slip body 2520, hydraulic slips 2525, an inner sealing mandrel 2530, 
upper sealing head 2535, lower sealing head 2540, outer sealing mandrel 2545, load 
mandrel 2550, expansion cone 2555, casing 2560, and fluid passages 2565, 2570, 2575, 
2580, 2585, 2590, 2595, and 2600. 
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The drillpipe 2505 is coupied to *e string adapter 2 10 Dunn 

«pipe 2505 prefer* comprises a substantial* hoUow tubular 
JL The driUpipe 2505 may be fabricated from any number • 

,„„ afloy steel, carbon steel, stress steel or other simdar h lg h strong* 

I a prlred embodiment, the drillpipe 2505 is fabricated from coded tubmg n 

Llpipe 2505 may he coup.ed to the innerstring adapter 2510 usmg any number of 
Zlna. commercial avallab.e mechanical eouplings such as, for example 

a standard threaded connection. In a preferred embodiment, the dnUp,pe 2 5 , 
emovably coupled to the innerstring adapter 2510 b, a drU^pe connect^ 

convey noddle materials from a surface location into the fluid passage 2570 In a 
" ldembo*ment,thefluidpas S age2565 is adapted to convey flmd,emate^ 
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strength, corroaion resistance, and lo» friction surfaces. 



-148- 



Attorney Docket No. 25791. 



• •••• 

• •••• 



• ••• 

♦ 

• ••• 



: • : 
.". : 

• •• 



The-nneramnga > mechanical couplings mch as, for 

examp.e.drU.pipeconnecUon.o.neMcountry t bu g ^ ^ 

M^/Wd threaded connection, in a preiencu 
section, or a ata ^ ^ coupled to th e dril, * 2505 by a driUpipe 
5 innerstnng adapter 2510 rsrerno y cou pled to the sealing sleeve 2515 

connection. ThainnerstHng ^^^.e— .coupUr^sucn 
usmg anynumberofconvent, on— ™ * tabulat soods specialty type 

rsz^^— — — — 

thread ! dCOn "^ — ^e— gadapter 25X0,— .y 
0 ^^^2515,.^^ — 

, onfor 9 ci o nreferably includes a fluid passage 
The inneretnng adapter 2510 pre intotheflaid pa,sage 

adapted to eonvey fluidie matenala from the <><*»-"-» fluidic 

16 — P-0.3,00 
operating pressures and flow rates rang s 

gaU ° n " tng sleeve 2515 is coupled to the .nnerstnng adapter 2510 and the 
The seahng a ^ a 

hydraulic slip body 2520. The seal, g ^ My be 

auhstantlally hoUovv tubular member or members. The *ah 
rabricated from any number of conventional c^^J^ 

, -hum countrv tubular goods, low alloy steel, carbon sreei, 
as, for example, mlfield country tubu g bodiment , the sealing 

steelor „thersimilarh i ghstrengthmate™.s. Inaprefem 
sle ave 2515 is fabricated from stainless steel m order to optnnal y 

my ^— -———sets 

example.drmpipeconnections.oilfieldcountcybrbuargoc^ ^ 
connection, ratchet-latch type threaded connects, or a standa 



-149- 



Attorney Docket No. 25791.17 



connection. In a preferred embodiment, the sealing sleeve 25 15 is removably coupled 
to the innerstring adapter 2510 by a standard threaded connection. The sealing 
sleeve 2515 may be coupled to the hydraulic slip body 2520 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 2515 is removably coupled 
to the hydraulic slip body 2520 by a standard threaded connection. 

The sealing sleeve 2515 preferably includes a fluid passage 2575 that is adapted 
to convey fluidic materials from the fluid passage 2570 into the fluid passage 2580. 
In a preferred embodiment, the fluid passage 2575 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 
hydraulic slips 2525, and the inner sealing mandrel 2530. The hydraulic slip body 
2520 preferably comprises a substantially hollow tubular member or members. The 
hydraulic slip body 2520 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the hydraulic slip body 2520 is fabricated from carbon 
steel in order to optimally provide high strength. 

The hydraulic slip body 2520 may be coupled to the sealing sleeve 2515 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the hydraulic slip body 2520 is removably 
coupled to the sealing sleeve 2515 by a standard threaded connection. The hydraulic 
slip body 2520 may be coupled to the slips 2525 using any number of conventional 
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commercially available mechanical couplings such as, for example, threaded 
connection or welding. In a preferred embodiment, the hydraulic slip body 2520 is 
removably coupled to the slips 2525 by a threaded connection. The hydraulic slip 
body 2520 may be coupled to the inner sealing mandrel 2530 using any number of 
5 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the hydraulic slip body 2520 is removably coupled to the inner 
sealing mandrel 2530 by a standard threaded connection. 
0 The hydraulic slips body 2520 preferably includes a fluid passage 2580 that is 

adapted to convey fluidic materials from the fluid passage 2575 into the fluid passage 
2590. In a preferred embodiment, the fluid passage 2580 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

15 gallons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 that are 
adapted to convey fluidic materials from the fluid passage 2580 into the pressure 
chambers of the hydraulic slips 2525. In this manner, the slips 2525 are activated 
upon the prestation of the fluid passage 2580 into contact with the inside surface 

20 . of the casing 2560. In a preferred embodiment,, the fluid passages 2585 are adapted 
to convey fluidic materials such as, for example, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The slips 2525 are coupled to the outside surface of the hydraulic slip body 
25 2520. During operation of the apparatus 2500, the slips 2525 are activated upon the 
pressurization of the fluid passage 2580 into contact with the inside surface of the 
casing 2560. In this manner, the slips 2525 maintain the casing 2560 in a 
substantially stationary position. 
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The slips 2525 preferably include the fluid passages 2585, the pressure 
chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 may 
comprise any number of conventional commercially available hydraulic slips such as, 
for example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydraulic slips. In a preferred embodiment, the slips 2525 comprise 
RTTS packer tungsten carbide hydraulic slips available from Halliburton Energy 
Services in order to optimally provide resistance to axial movement of the casing 2560 
during the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic slip body 2520 and 
the lower sealing head 2540. The inner sealing mandrel 2530 preferably comprises 
a substantially hollow tubular member or members. The inner sealing mandrel 2530 
maybe fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. In a preferred embodiment, 
the inner sealing mandrel 2530 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 

The inner sealing mandrel 2530 may be coupled to the hydraulic slip body 2520 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the inner sealing mandrel 2530 is removably 
coupled to the hydraulic slip body 2520 by a standard threaded connection. The 
inner sealing mandrel 2530 may be coupled to the lower sealing head 2540 using any 
number of conventional commercially available mechanical couplings such as, for 
example, oilfield country tubular goods specialty type threaded connection, drillpipe 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the inner sealing mandrel 2530 is removably coupled to the 
lower sealing head 2540 by a standard threaded connection. 
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The inner sealing mandrel 2530 preferably includes a fluid passage 2590 that 
is adapted to convey fluidic materials from the fluid passage 2560 into the fluid 
P assage2600.Ina P referred embodiment, the fluid passage 2590 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, water, drilling mud or 

5 lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 2545 and 
expansion cone 2555. The upper sealing head 2535 is also movably coupled to the 
outer surface of the inner sealing mandrel 2530 and the inner surface of the casing 

10 2560.Inthismanner,theupper S ealin g head2535re C i P rocatesintheaxialdirecUon. 

The radial clearance between the inner cylindrical surface of the upper sealing head 
2535andtheoutersurfaceoftheinnersealingmandrel2530mayrange,forexample, 

from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the inner cylindrical surface of the upper sealing head 2535 and the outer 

15 surface of the inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches m 
order to optimally provide minimal radial clearance. The radial clearance between 
the outer cylindrical surface of the upper sealing head 2535 and the inner surface of 
the casing 2560 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical surface of 

20 the upper sealing head 2535 and the inner surface of the casing 2560 ranges from 
about 0.025 to 0.125 inches in order to optimally provide stabilization for the 

expansion cone 2535 during the expansion process. 

The upper sealing head 2535 preferably comprises an annular member having 

substantially cylindrical inner and outer surfaces. The upper sealing head 2535 may 
25 befabricatedfromanynumberofconventionalcommerciallyavaUablematerialssuch 

as, for example, oilfield country tubular goods, ow alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the upper 
sealing head 2535 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The inner surface of the 
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upper sealing head 2535 preferably includes one or more annular sealing members 
2620 for sealing the interface between the upper sealing head 2535 and the inner 
sealing mandrel 2530. The sealing members 2620 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
o-rings, polypak seals, or metal spring energized seals. In a preferred embodiment, 
the sealing members 2620 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2535 includes a shoulder 
2625 for supporting the upper sealing head 2535, outer sealing mandrel 2545, and 

expansion cone 2555 on the lower sealing head 2540. 

Theuppersealinghead2535maybecoupledtotheoutersealingmandrel2545 

using any number of conventional commercially available mechanical couplings such 
as,forexample,oilfieldcountrytubulargoodsspecialty threaded connection, pipeline 

connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferredembodiment,theuppersealinghead2535isremovablycoupledtotheouter 

sealing mandrel 2545 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the upper sealing head 2535 and the 
outer sealing mandrel 2545 includes one or more sealing members 2630 for fluidicly 
sealing the interface between the upper sealing head 2535 and the outer sealing 
mandrel 2545. The sealing members 2630 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing members 
2630 comprise polypak seals available from Parker Seals in order to optimally provide 

sealing for a long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 and 
the load mandrel 2550. The lower sealing head 2540 is also movably coupled to the 
inner surface of the outer sealing mandrel 2545. In this manner, the upper sealing 
head 2535, outer sealing mandrel 2545, and expansion cone 2555 reciprocate in the 
axial direction. 
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The radial clearance between the outer surface of the lower sealing head 2540 
and the inner surface of the outer sealing mandrel 2545 may range, for example, from 
about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the outer surface of the lower sealing head 2540 and the inner surface of the outer 
sealing mandrel 2545 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. 

The lower sealing head 2540 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2540 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the lower 
sealing head 2540 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The outer surface of the 
lower sealing head 2540 preferably includes one or more annular sealing members 
2635 for sealing the interface between the lower sealing head 2540 and the outer 
sealing mandrel 2545. The sealing members 2635 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
o-rings, polypak seals, or metal spring energized seals. In a preferred embodiment, 
the sealing members 2635 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 2530 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connections, oilfield country tubular goods specialty 
threaded connection, or a standard threaded connection. In a preferred embodiment, 
the lower sealing head 2540 is removably coupled to the inner sealing mandrel 2530 
by a standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the lower sealing head 2540 and the inner sealing mandrel 2530 
includes one or more sealing members 2640 for fluidicly sealing the interface between 
the lower sealing head 2540 and the inner sealing mandrel 2530. The sealing 
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members 2640 may comprise any number of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2640 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The lower sealing head 2540 may be coupled to the load mandrel 2550 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the lower sealing head 2540 is removably coupled to the load 
mandrel 2550 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the lower sealing head 2540 and the load mandrel 2550 
includes one or more sealing members 2645 for fluidicly sealing the interface between 
the lower sealing head 2540 and the load mandrel 2550. The sealing members 2645 
may comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2645 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the lower sealing head 2540 includes a throat 
passage 2650 fluidicly coupled between the fluid passages 2590 and 2600. The throat 
passage 2650 is preferably of reduced size and is adapted to receive and engage with 
a plug 2655, or other similar device. In this manner, the fluid passage 2590 is 
fluidicly isolated from the fluid passage 2600. In this manner, the pressure chamber 
2660 is pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 2535 and 
the expansion cone 2555. The outer sealing mandrel 2545 is also movably coupled to 
the inner surface of the casing 2560 and the outer surface of the lower sealing head 
2540. In this manner, the upper sealing head 2535, outer sealing mandrel 2545, and 
the expansion cone 2555 reciprocate in the axial direction. The radial clearance 
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between the outer surface of the outer seahng mandre, 2545 aud the inner surface 
^riing 2560 may range, for example, from about 0,25 to 0,75 mches. In a 

ling mandre, 2545 and the inner surface of the casing 2560 ranges from about 
seahng man rHpr to 0Dtin! ally provide stabilization for the expansion 

0.025 to 0.!25 .nches m order to optnnaUy p ^ 
cone 2535 during the expansion process. The radml clearan 
surface of the outer seahng mandrel 2545 and the outer surface of the lower seahng 

h^iment the radial clearance between the inner surface of the outer seahng 

The outer sealing mandre. 2545 preferably compn.es an annular membe 

Z may be fabricated from any number of conventional commerce avadable 

steel stainless steel or other shnilax high stmngth matenals. In a preferred 
relent, the outer seahng mandrel 2545 is fabricated ^om ~- 
order to optimally provide high strength, corrosion reastance, and 

^ aC louteraea,in g mandre,2 M 5maybeconp,dtotheupper 8 ea.inghead2535 

aa, I example, drillpipe connection, oilfield coontry tubular 
UuWed connection, we,ding, amorphona bondmg, or ^ 
connection. In a preferred embodiment, the outer sealmg mandrel 2545,^ J 

eoupledtotheu^— d253fibyastand.ru— 
aealingmandrel2545maybecoupledtotheexpans,onoone2555us.ng 

rational commercially available mechanical couplings such aa>r ex m^ 
M connection, oilfield country tubular goods spec*, y 
onnection, welding, amorphous bending, or a a*ndard threaded connecfon. 
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preferred embodiment, the outer sealing mandrel 2545 is removably coupled to the 
expansion cone 2555 by a standard threaded connection. 

The upper sealing head 2535, the lower sealing head 2540, the inner sealing 
mandrel 2530, and the outer sealing mandrel 2545 together define a pressure 
chamber 2660. The pressure chamber 2660 is fluidicly coupled to the passage 2590 
via one or more passages 2595. During operation of the apparatus 2500, the plug 
2655 engages with the throat passage 2650 to fluidicly isolate the fluid passage 2590 
from the fluid passage 2600. The pressure chamber 2660 is then pressurized which 
in turn causes the upper sealing head 2535, outer sealing mandrel 2545, and 
expansion cone 2555 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2555 in turn expands the casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The load 
mandrel 2550 preferably comprises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 2550 may be fabricated from 
any number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 2550 
is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 using 
any number of conventional commercially available mechanical couplings such as, for 
example, oilfield country tubular goods, drillpipe connection, welding, amorphous 
bonding, or a standard threaded connection. In a preferred embodiment, the load 
mandrel 2550 is removably coupled to the lower sealing head 2540 by a standard 
threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is adapted 
to convey fluidic materials from the fluid passage 2590 to the region outside of the 
apparatus 2500. In a preferred embodiment, the fluid passage 2600 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud, or 
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lubricants at operating pressures and flow rates ranging, for example, from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2555 is coupled to the outer sealing mandrel 2545. The 
expansion cone 2555 is also movably coupled to the inner surface of the casing 2560. 
In this manner, the upper sealing head 2535, outer sealing mandrel 2545, and the 
expansion cone 2555 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2555 causes the casing 2560 to expand in the radial direction. 

The expansion cone 2555 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 in order to optimally provide radial expansion for the widest variety of 
tubular casings. The axial length of the expansion cone 2555 may range, for example, 
from about 2 to 8 times the largest outside diameter of the expansion cone 2535. In 
a preferred embodiment, the axial length of the expansion cone 2535 ranges from 
about 3 to 5 times the largest outside diameter of the expansion cone 2535 in order 
to optimally provide stabilization and centralization of the expansion cone 2535 
duringtheexpansionprocess.Inaparticularlypreferredembodiment.themaximum 

outsidediameteroftheexpansioncone 2555 is between about 95 to 99%ofthe inside 
diameter of the existing wellbore that the casing 2560 will be joined with. In a 
preferred embodiment, the angle of attack of the expansion cone 2555 ranges from 
about 5 to 30 degrees in order to optimally balance frictional forces and radial 
expansion forces. The optimum angle of attack of the expansion cone 2535 will vary 
as a function of the particular operational features of the expansion operation. 

The expansion cone 2555 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or other similar high strength materials. 
In a preferred embodiment, the expansion cone 2555 is fabricated from D2 machine 
tool steel in order to optimally provide high strength, and resistance to wear and 
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galling. In a particularly preferred embodiment, the outside surface of the expansion 
cone 2555 has a surface hardness ranging from about 58 to 62 Rockwell C in order 
to optimally provide high strength and wear resistance. 

The expansion cone 2555 may be coupled to the outside sealing mandrel 2545 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the expansion cone 2555 is coupled to the outside sealing 
mandrel 2545 using a standard threaded connection in order to optimally provide 
high strength and easy replacement of the expansion cone 2555. 

The casing 2560 is removably coupled to the slips 2525 and expansion cone 
2555. The casing 2560 preferably comprises a tubular member. The casing 2560 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the casing 2560 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 
high strength using standardized materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 includes a 
thin wall section 2670 and an outer annular sealing member 2675. In a preferred 
embodiment, the wall thickness of the thin wall section 2670 is about 50 to 100 % of 
the regular wall thickness of the casing 2560 . In this manner, the upper end 2665 of 
the casing 2560 may be easily radially expanded and deformed into intimate contact 
with the lower end of an existing section of wellbore casing. In a preferred 
embodiment, the lower end of the existing section of casing also includes a thin wall 
section. In this manner, the radial expansion of the thin walled section 2670 of 
casing 2560 into the thin walled section of the existing wellbore casing results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 2675 may be fabricated from any number of 
conventional commercial avattable sealing materials such as, for example , epox* 
rubber meta., or plastic. In a preferred embodiment, the annular seahng memb 
2 I fabricated from StrataLoch epoxy In order to optimally provrd 
Iprlbility and resistance to wear. The outside diameterof the annu!ar seahng 
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manner, after radial expansion, the annular sealing member 2690 preferably provides 
a fluidic seal and also preferably provides sufficient frictional force with the inside 
wall of the wellbore during the radial expansion of the casing 2560 to support the 
casing 2560. 

During operation, the apparatus 2500 is preferably positioned in a wellbore 
with the upper end 2665 of the casing 2560 positioned in an overlapping relationship 
with the lower end of an existing wellbore casing. In a particularly preferred 
embodiment, the thin wall section 2670 of the casing 2560 is positioned in opposing 
overlapping relation with the thin wall section and outer annular sealing member of 
the lower end of the existing section of wellbore casing. In this manner, the radial 
expansion of the casing 2560 will compress the thin wall sections and annular 
compressible members of the upper end 2665 of the casing 2560 and the lower end of 
the existing wellbore casing into intimate contact. During the positioning of the 
apparatus 2500 in the wellbore, the casing 2560 is supported by the expansion cone 
2555. 

After positioning of the apparatus 2500, a first fluidic material is then pumped 
into the fluid passage 2565. The first fluidic material may comprise any number of 
conventional commercially available materials such as, for example, cement, water, 
slag-mix, epoxy or drilling mud. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, cement, epoxy, 
or slag-mix in order to optimally provide a hardenable outer annular body around the 
expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic material 
is pumped into the fluid passage 2565 at operating pressures and flow rates ranging 
from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally provide 
operational efficiency. 
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The first fluidic material pumped into the fluid passage 2565 passes through 
the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the apparatus 
2500. The first fluidic material then preferably fills the annular region between the 
outside of the apparatus 2500 and the interior walls of the wellbore. 
5 The plug 2655 is then introduced into the fluid passage 2565. The plug 2655 

lodges in the throat passage 2650 and fluidicly isolates and blocks off the fluid 
passage 2590. In a preferred embodiment, a couple of volumes of a non-hardenable 
fluidic material are then pumped into the fluid passage 2565 in order to remove any 
hardenable fluidic material contained within and to ensure that none of the fluid 
10 passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2565. The 
second fluidic material may comprise any number of conventional commercially 
available materials such as, for example, water, drilling gases, drilling mud or 
lubricant. In a preferred embodiment, the second fluidic material comprises a non- 
15 hardenable fluidic material such as, for example, water, drilling mud, or lubricant in 
order to optimally provide pressurization of the pressure chamber 2660 and minimize 
friction. 

The second fluidic material may be pumped into the fluid passage 2565 at 

• • • • • 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
20 and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
material is pumped into the fluid passage 2565 at operating pressures and flow rates 

• • • • 

*....• ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 

provide operational efficiency . 

The second fluidic material pumped into the fluid passage 2565 passes through 
25 the fluid passages 2570, 2575, 2580, 2590 and into the pressure chambers 2605 of the 
slips 2525, and into the pressure chamber 2660. Continued pumping of the second 

• • • 

\ # I fluidic material pressurizes the pressure chambers 2605 and 2660. 



• • • 
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The pressurization of the pressure chambers 2605 causes the slip members 
2525 to expand in the radial direction and grip the interior surface of the casing 2560. 
The casing 2560 is then preferably maintained in a substantially stationary position. 

The pressurization of the pressure chamber 2660 causes the upper sealing head 
2535, outer sealing mandrel 2545 and expansion cone 2555 to move in an axial 
direction relative to the casing 2560. In this manner, the expansion cone 2555 will 
cause the casing 2560 to expand in the radial direction, beginning with the lower end 
2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from moving 
in an upward direction by the slips 2525. A length of the casing 2560 is then 
expanded in the radial direction through the pressurization of the pressure chamber 
2660. The length of the casing 2560 that is expanded during the expansion process 
will be proportional to the stroke length of the upper sealing head 2535, outer sealing 
mandrel 2545, and expansion cone 2555. 

Upon the completion of a stroke, the operating pressure of the second fluidic 
material is reduced and the upper sealing head 2535, outer sealing mandrel 2545, and 
expansion cone 2555 drop to their rest positions with the casing 2560 supported by 
the expansion cone 2555. The position of the drillpipe 2505 is preferably adjusted 
throughout the radial expansion process in order to maintain the overlapping 
relationship between the thin walled sections of the lower end of the existing wellbore 
casing and the upper end of the casing 2560 . In a preferred embodiment, the stroking 
of the expansion cone 2555 is then repeated, as necessary, until the thin walled 
section 2670 of the upper end 2665 of the casing 2560 is expanded into the thin walled 
section of the lower end of the existing wellbore casing. In this manner, a wellbore 
casing is formed including two adjacent sections of casing having a substantially 
constant inside diameter. This process may then be repeated for the entirety of the 
wellbore to provide a wellbore casing thousands of feet in length having a 
substantially constant inside diameter. 
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In a preferred embodiment, during the final stroke of the expansion cone 2555, 
the slips 2525 are positioned as close as possible to the thin walled section 2670 of the 
upper end 2665 of the casing 2560 in order minimize slippage between the casing 
2560 and the existing wellbore casing at the end of the radial expansion process. 
Alternatively, or in addition, the outside diameter of the annular sealing member 
2675 is selected to ensure sufficient interference fit with the inside diameter of the 
lower end of the existing casing to prevent axial displacement of the casing 2560 
during the final stroke. Alternatively, or in addition, the outside diameter of the 
annular sealing member 2690 is selected to provide an interference fit with the inside 
walls of the wellbore at an earlier point in the radial expansion process so as to 
prevent further axial displacement of the casing 2560. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 2560 by 
pulling the expansion cone 2555 out of the wellbore, without having to pressurize the 
pressure chamber 2660. 

During the radial expansion process, the pressurized areas of the apparatus 
2500 are preferably limited to the fluid passages 2565, 2570, 2575, 2580, and 2590, 
the pressure chambers 2605 within the slips 2525, and the pressure chamber 2660. 
No fluid pressure acts directly on the casing 2560. This permits the use of operating 
pressures higher than the casing 2560 could normally withstand. 

Once the casing 2560 has been completely expanded off of the expansion cone 
2555, the remaining portions of the apparatus 2500 are removed from the wellbore. 
In a preferred embodiment, the contact pressure between the deformed thin wall 
sections and compressible annular members of the lower end of the existing casing 
and the upper end 2665 of the casing 2560 ranges from about 400 to 10,000 psi in 
order to optimally support the casing 2560 using the existing wellbore casing. 

In this manner, the casing 2560 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2565, 2570, 2575, 
2580, and 2590, the pressure chambers of the slips 2605 and the pressure chamber 
2660 of the apparatus 2500. 
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In a preferred embodiment, as required, the annular body of hardenable fluidic 
material is then allowed to cure to form a rigid outer annular body about the 
expanded casing 2560. In the case where the casing 2560 is slotted, the cured fluidic 
material preferably permeates and envelops the expanded casing 2560. The resulting 

5 new section of wellbore casing includes the expanded casing 2560 and the rigid outer 
annular body. The overlapping joint between the pre-existing wellbore casing and the 
expanded casing 2560 includes the deformed thin wall sections and the compressible 
outer annular bodies. The inner diameter of the resulting combined wellbore casings 
is substantially constant. In this manner, a mono-diameter wellbore casing is 

10 formed. This process of expanding overlapping tubular members having thin wall 
end portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing can be 
provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 2555 nears the upper end 

15 2665 of the casing 2560, the operating pressure of the second fluidic material is 
reduced in order to minimize shock to the apparatus 2500. In an alternative 

• embodiment, the apparatus 2500 includes a shock absorber for absorbing the shock 
created by the completion of the radial expansion of the casing 2560. 

• • ■ • • 

[ ####: In a preferred embodiment, the reduced operating pressure of the second 

••••••20 fluidic material ranges from about 100 to l,00O.psi as the expansion cone 2555 nears 

the end of the casing 2560 in order to optimally provide reduced axial movement and 

• • • • 

"::::* velocity of the expansion cone 2555. In a preferred embodiment, the operating 

pressure of the second fluidic material is reduced during the return stroke of the 
apparatus 2500 to the range of about 0 to 500 psi in order minimize the resistance to 
25 the movement of the expansion cone 2555 during the return stroke. In a preferred 
embodiment, the stroke length of the apparatus 2500 ranges from about 10 to 45 feet 

• • • • 

\! ! in order to optimally provide equipments lengths that can be easily handled using 

• • • 

typical oil well rigging equipment and also minimize the frequency at which 
apparatus 2500 must be re-stroked. 
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In an alternative embodiment, at least a portion of the upper sealing head 2535 
includes an expansion cone for radially expanding the casing 2560 during operation 
of the apparatus 2500 in order to increase the surface area of the casing 2560 acted 
upon during the radial expansion process. In this manner, the operating pressures 
can be reduced. 

Alternatively, the apparatus 2500 may be used to join a first section of pipeline 
to an existing section of pipeline. Alternatively, the apparatus 2500 may be used to 
directly line the interior of a wellbore with a casing, without the use of an outer 
annular layer of a hardenable material. Alternatively, the apparatus 2500 may be 
used to expand a tubular support member in a hole. 

Referring now to Figures 19, 19a and 19b, another embodiment of an 
apparatus 2700 for expanding a tubular member will be described. The apparatus 
2700 preferably includes a drillpipe 2705, an innerstring adapter 2710, a sealing 
sleeve 2715, a first inner sealing mandrel 2720, a first upper sealing head 2725, a first 
lower sealing head 2730, a first outer sealing mandrel 2735, a second inner sealing 
mandrel 2740, a second upper sealing head 2745, a second lower sealing head 2750, 
a second outer sealing mandrel 2755, a load mandrel 2760, an expansion cone 2765, 
a mandrel launcher 2770, a mechanical slip body 2775, mechanical slips 2780, drag 
blocks 2785, casing2790, and fluid passages 2795, 2800, 2805, 2810, 2815, 2820, 2825, 
and 2830. 

The drillpipe 2705 is coupled to the innerstring adapter 2710. During 
operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 2700. The 
drillpipe 2705 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2705 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel, or other similar high strength materials. 
In a preferred embodiment, the drillpipe 2705 is fabricated from coiled tubing in 
order to facilitate the placement of the apparatus 2700 in non-vertical wellbores. The 
drillpipe 2705 may be coupled to the innerstring adapter 2710 using any number of 
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conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, or 
a standard threaded connection. In a preferred embodiment, the drillpipe 2705 is 
removably coupled to the innerstring adapter 2710 by a drillpipe connection in order 
to optimally provide high strength and easy disassembly. 

The drillpipe 2705 preferably includes a fluid passage 2795 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2800. In a 
preferred embodiment, the fluid passage 2795 is adapted to convey fluidic materials 
such as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The innerstring adapter 2710 is coupled to the drill string 2705 and the sealing 
sleeve 2715. The innerstring adapter 2710 preferably comprises a substantially 
hollow tubular member or members. The innerstring adapter 2710 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the innerstring 
adapter 2710 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The innerstring adapter 2710 may be coupled to the drill string 2705 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
innerstring adapter 2710 is removably coupled to the drill pipe 2705 by a standard 
threaded connection in order to optimally provide high strength and easy 
disassembly. The innerstring adapter 2710 may be coupled to the sealing sleeve 2715 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 
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connection. In a preferred embodiment, the innerstring adapter 2710 is removably 
coupled to the sealing sleeve 2715 by a standard threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 that is 
adapted to convey fluidic materials from the fluid passage 2795 into the fluid passage 
2805. In a preferred embodiment, the fluid passage 2800 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 2715 is coupled to the innerstring adapter 2710 and the first 
inner sealing mandrel 2720. The sealing sleeve 2715 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2715 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In apreferred embodiment, the sealing 
sleeve 2715 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The sealing sleeve 2715 may be coupled to the innerstring adapter 2710 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2715 is removably coupled to the 
innerstring adapter 2710 by a standard threaded connector. The sealing sleeve 2715 
may be coupled to the first inner sealing mandrel 2720 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2715 is removably coupled to the inner 
sealing mandrel 2720 by a standard threaded connection. 
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The sealing sleeve 2715 preferably includes a fluid passage 2802 that is adapted 
to convey fluidic materials from the fluid passage 2800 into the fluid passage 2805. 
In a preferred embodiment, the fluid passage 2802 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 and 
the first lower sealing head 2730. The first inner sealing mandrel 2720 preferably 
comprises a substantially hollow tubular member or members. The first inner 
sealing mandrel 2720 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the first inner sealing mandrel 2720 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low friction surfaces. 

The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 2715 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard. threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 2720 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. The first inner sealing 
mandrel 2720 may be coupled to the first lower sealing head 2730 using any number 
of conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 2720 is removably coupled to 
the first lower sealing head 2730 by a standard threaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 2805 
that is adapted to convey fluidic materials from the fluid passage 2802 into the fluid 
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fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 ps. 
and 0 to 3,000 gallons/minute. 

The first upper sealing head 2725 is coupled to the first outer seahng mandrel 
2 ,35,the S econdupper S ea 1 inghead2745,thesecondouter S ealingmandre 1 2755,and 

the expansion cone 2765. The first upper sealing head 2,25 is also movably coupled 
to the outer surface of the first inner sealing mandrel 2720 and the inner surface of 

npper sealinghead2725 and the outer surface of the flrst inner sealingmandre 2720 
m ay range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner cylmdrical surface of the firs 
u P p.rsealinghead2725andtheoutersurfaceofthefirst i nnersealingmandrel2 20 

ra „gesfromab„ut0.005 to 0.125inebesmordertoopt ta al.yprovidemin,m^ad^ 
clearance. The radial clearance between the outer cylindrical surface of the first 
npper sealing head 2725 and the inner surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, he rad-a 
dearance between the outer cylindrical surface of the fust upper sealmg head 2725 
and the inner surface o, the casing 2790 ranges ftom about 0.025 to 0.12 mchea m 
order to optimally provide stabilisation for the expansion cone 2765 dunng the 
expansion process. 

The flrst upper sealing head 2725 preferably comprises an annular member 

having substantially cylindrical inner and outer surface, The first upper aeahng 
head2725nmyb.fabricatedfromanynnmberofco„venUonmcommerc,a.lyava.lable 

nrntenals such aa, for example, oilfield country lobular goods, low alloy ateel, carbon 
steel, stateless steel or other similar high atrength matorials. In . preferred 
emb odiment, the first upper sealing head 2725 is fabricated from stainless steel 
order to optimally provide high strength, corrosion resistance and low fr.ct.on 
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surfaces. The inner surface of the first upper sealing head 2725 preferably includes 
one or more annular sealing members 2835 for sealing the interface between the first 
upper sealing head 2725 and the first inner sealing mandrel 2720. The sealing 
members 2835 may comprise any number of conventional commercially available 
annular sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2835 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for 
long axial strokes. 

In a preferred embodiment, the first upper sealing head 2725 includes a 
shoulder 2840 for supporting the first upper sealing head 2725 on the first lower 
sealing head 2730. 

The first upper sealing head 2725 may be coupled to the first outer sealing 
mandrel 2735 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the first upper sealing head 2725 is 
removably coupled to the first outer sealing mandrel 2735 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the first 
upper sealing head 2725 and the first outer sealing mandrel 2735 includes one or 
more sealing members 2845 for fluidicly sealing the interface between the first upper 
sealing head 2725 and the first outer sealing mandrel 2735. The sealing members 
2845 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals or metal spring energized seals. 
In a preferred embodiment, the sealing members 2845 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for long axial 
strokes. 

The first lower sealing head 2730 is coupled to the first inner sealing mandrel 
2720 and the second inner sealing mandrel 2740. The first lower sealing head 2730 
is also movably coupled to the inner surface of the first outer sealing mandrel 2735. 
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fKo iw unoer sealing head 2725 and first outer sealing mandrel 
In this manner, the first upper sealing 

. , .. ,. Th „ radial clearance between the outer 
2735 reciprocate in the axial direction. The radial 

i • - i, m j 97W and the inner surface of the first outer 
surface of the first lower sealing head 2730 and tne in 

a prefer embodiment, the radial clearance between the outer surface of the firs 
,o„ersea.iu g head2730andthe i nners«rfaceofthefirstoutersea 1 mgmandre.2 35 

ranges from about 0.005 to 0.0! inches in order to optimal* provide munma, radml 

cl©aranC© i 

The first lower sealing head 2730 preferably comprises an annular member 
Having substantially cylindrical inner and outer surfaces. The first lower seahng 
h ead2730maybefabricatedfromanynumberof»nvenuonalconunerc^lyavadable 

m aterialssuchas, for example, „„field country urbular goods, low alloy steel, carbon 
s tee. stainless steel or other simdar high strength materia!*. In a preferred 
embodiment, the first ,ower seahng head 2730 is fabricated from stain ess steal » 
order to optimally provide high strength, corrosion resistance, and .ow fin tmn 
Laces. L outer surface of the first lower seahng head 2730 preferably .nclude 
oneormoreannu.ar S ea 1 ingmombers2850for S emi„gthe m terfacebetweenthefirst 

ower seahng head 2730 and the first outer seahng mandre, 2,35 The seahn 
members 2350 may comprise any number of — iona, commerce!* avada 1 
annu.arsealingmemberssuchas.forexample.o.rings.poiypaasealsormetaispnng 

energised seals. In a preferred embodiment, the seahng .embers 2 50 « 
po^ seals available ftom Parser Seals in order to optimally provrde seahng for 
lone axial strokes. 

The first lower sealing head 2730 may be coupled to the first inner seahng 

coupling such as, for example, oilfie.d country tubular goods specalty threaded 
connection, welding, amorphous bonding, or standard threaded «,nnect,on. In a 
preferred embodiment, thefirst lower seahng head 2730 is removably coupled to 
first inner sealing mandrel 2720 by a standard threaded connection. In a preferred 
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embodiment, the mechanical coupling between the first lower sealing head 2730 and 
the first inner sealing mandrel 2720 includes one or more sealing members 2855 for 
fluidicly sealing the interface between the first lower sealing head 2730 and the first 
inner sealing mandrel 2720. The sealing members 2855 may comprise any number 
of conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2855 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner sealing 
mandrel 2740 using any number of conventional commercially available mechanical 
couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the lower sealing head 2730 is removably coupled to the 
second inner sealing mandrel 2740 by a standard threaded connection. In a 
preferred embodiment, the mechanical coupling between the first lower sealing head 
2730 and the second inner sealing mandrel 2740 includes one or more sealing 
members 2860 for fluidicly sealing the interface between the first lower sealing head 
2730 and the second inner sealing mandrel 2740. The sealing members 2860 may 
comprise any number of conventional commercially available sealing members such 
as, for example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2860 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The first outer sealing mandrel 2735 is coupled to the first upper sealing head 
2725, the second upper sealing head 2745, the second outer sealing mandrel 2755, and 
the expansion cone 2765. The first outer sealing mandrel 2735 is also movably 
coupled to the inner surface of the casing 2790 and the outer surface of the first lower 
sealing head 2730. In this manner, the first upper sealing head 2725, first outer 
sealing mandrel 2735, second upper sealing head 2745, second outer sealing mandrel 
2755, and the expansion cone 2765 reciprocate in the axial direction. The radial 
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inner surface of the casing 2790 may range, for example, from about 0.025 to 0.375 
inner su k J the radial clearance between the outer surface 

inches. In a preferred embodiment, the radial 

of the first outer sealing mandre! 2,35 and the inner surface of the c^g 2790 
ra n g e S fromabout0.0 2 5toO, 2 5inchesinorder to opti m a»yprov,destabi.,zatmfor 

fnst lower aeaUng head 2730 may range, for example, from about 0.0025 to 0.05 
inches In a preferred embodiment, the radial ciearance between the inner surface 

„j™i 9.715 and the outer surface of the first lower sealing 
ofthefirstouterseahngmandrel2735anatneou l 

„>,„„( n n<K to 0 01 inches in order to optimally provide 
head 2730 ranges from about 0.UU5 to u.ui 

minimal radial clearance. „ omh er 
The outer sealing mandrel !935 preferably comprises an annular member 
naving substantia!., cylindrical inner and outer surface. The first outer seabng 
Id e. 2735 may be fabricated from an, number of con— commerc * 
avaUable materia* such as, for example, oUfield country tubular goods low 
st ee, carbon steel, stainless steel or other simdar high strength material. In a 
purred embodiment, the first outer sealing mandrel 2735 is fabncated fc» 
stainless stee. in order to optimally provide high strength, corrosion res,stanca, and 

low friction surfaces. 

Thefirstoutersea.in g mandre 1 273 5 ma,becoup.edtothefirstuppersealin 

need 2725 using any number of conventional commercial avauab.e mechamc 
boning, o, a standard threaded connection. In a preferred 

b y a standard threaded connection. The first outer seaimg mandre 2735 may be 
c Lp>ed to the second upper sealing head 2745 using any number of convent, 
commercially avauab.e mechanica, couplings auch as, for example, o*— 
tubular goods specialty threaded connection, welding, amorphous bondmg, 
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standard threaded connection. In a preferred embodiment, the first outer sealing 
mandrel 2735 is removably coupled to the second upper sealing head 2745 by a 
standard threaded connection. 

The second inner sealing mandrel 2740 is coupled to the first lower sealing 
head2730andthesecondlowersealinghead2750.Thesecondinnersealingm a ndrel 

2740 preferably comprises a substantially hollow tubular member or members. The 
second inner sealing mandrel 2740 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the second inner sealing mandrel 
2740 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the second inner sealing mandrel 2740 is 
removably coupled to the first lower sealing head 2740 by a standard threaded 
connection. The mechanical coupling between the second inner sealing mandrel 2 740 
and the first lower sealing head 2730 preferably includes sealing members 2860. 

The second inner sealing mandrel 2740 may be coupled to the second lower 
sealing head 2750 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the second inner sealing mandrel 2720 is 
removably coupled to the second lower sealing head 2750 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the second 
inner sealing mandrel 2740 and the second lower sealing head 2750 includes one or 
more sealing members 2865. The sealing members 2865 may comprise any number 
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of conventional commercially available seals such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2865 comprise polypak seals available from Parker Seals. 

The second inner sealing mandrel 2740 preferably includes a fluid passage 
2810 that is adapted to convey fluidic materials from the fluid passage 2805 into the 
fluid passage 2815. In a preferred embodiment, the fluid passage 2810 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The second upper sealing head 2745 is coupled to the first upper sealing head 
2725, the first outer sealing mandrel 2735, the second outer sealing mandrel 2755, 
and the expansion cone 2765. The second upper sealing head 2745 is also movably 
coupled to the outer surface of the second inner sealing mandrel 2740 and the inner 
surface of the casing 2790. In this manner, the second upper sealing head 2745 
reciprocates in the axial direction. The radial clearance between the inner cylindrical 
surface of the second upper sealing head 2745 and the outer surface of the second 
inner sealing mandrel 2740 may range, for example, from about 0.0025 to 0.05 inches. 
Inapreferred embodiment, the radial clearance between the inner cylindrical surface 
of the second upper sealing head 2745 and the outer surface of the second inner 
sealing mandrel 2740 ranges from about 0,005 to 0.01 inches in order to optimally 
provide minimal radial clearance. The radial clearance between the outer cylindrical 
surface of the second upper sealing head 2745 and the inner surface of the casing 
2790 may range, for example, from about 0.025 to .375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the second 
upper sealing head 2745 and the inner surface of the casing 2790 ranges from about 
0.025 to 0.125 inches in order to optimally provide stabUization for the expansion 
cone 2765 during the expansion process. 

The second upper sealing head 2745 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second upper sealing 
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The second lower sealing head 2750 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second lower sealing 
head 2750 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the second lower sealing head 2750 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. The outer surface of the second lower sealing head 2750 preferably includes 
one or more annular sealing members 2890 for sealing the interface between the 
second lower sealing head 2750 and the second outer sealing mandrel 2755. The 
sealing members 2890 may comprise any number of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals or 
metal spring energized seals. In a preferred embodiment, the sealing members 2890 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner sealing 
mandrel 2740 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the second lower sealing head 2750 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling between 
the second lower sealing head 2750 and the second inner sealing mandrel 2740 
includes one or more sealing members 2895 for fluidicly sealing the interface between 
the second sealing head 2750and the second sealing mandrel 2740. The sealing 
members 2895 may comprise any number of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2895 comprise 
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polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 2760 
usinganynumberofconventionalcommerciallyavailablemechanical couplings such 

as for example, drillpipe connection, oilfield tubular goods specialty threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second lower sealing head 2750 is 
removably coupled to the load mandrel 2760 by a standard threaded connection. In 
apreferred embodiment, the mechanical coupling between the second lower sealing 
head 2750 and the load mandrel 2760 includes one or more sealing members 2900 for 
fluidicly sealing the interface between the second lower sealing head 2750 and the 
load mandrel 2760. The sealing members 2900 may comprise any number of 
conventional commercially available sealing members such as, for example, o-nngs, 
polypaksealsormetalspringenergized seals. In a preferred embodiment, the sealing 

members 2900 comprise polypak seals available from Parker Seals in order to 

optimally provide sealing for long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 includes a 

throatpassage 2905 fluidicly coupled between the fluid passages 2810 and 2815. The 

throatpa S sage2905ispreferablyofreducedsizeandisadaptedtoreceiveanden g age 

with a plug 2910, or other similar device. In this manner, the fluid passage 2810 is 
fluidicly isolatedfromthefluidpassage 2815. In this manner, the pressure chambers 
2915 and 2920 are pressurized. The use of a plurality of pressure chambers in the 
apparatus2700 permits the effective driving force to be multiplied. While illustrated 
usingapairofpressure chambers, 2915 and 2920, the apparatus 2700 may be further 
modified to employ additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper sealing 
head2725,the first outer sealing mandrel 2735, the second upper sealing head 2745, 
a ndtheex P ansioncone2765.Thesecondoutersealin g mandrel2755isalsomovably 

coupled to the inner surface of the casing 2790 and the outer surface of the second 
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lower sealing head 2750. In this manner, the first upper sealing head 2725, first 
outer sealing mandrel 2735, second upper sealing head 2745, second outer seahng 
mandrel 2755, and the expansion cone 2765 reciprocate in the axial direction. 

The radial clearance between the outer surface of the second outer seahng 
mandrel 2755 and the inner surface of the casing2790 may range, for example, from 
about0025to0.375inches.lnapreferredembodiment,theradialclearancebetween 

the outer surface of the second outer sealing mandrel 2755 and the inner surface of 
thecasing2790rangesfromabout0.025to0.l25inchesinordertooptimall y prov 1 de 

stabilization for the expansion cone 2765 during the expansion process. The radial 
clearancebetweentheinnersurfaceofthese C ondouterse a lingmandrel2755andthe 

outer surface of the second lower sealing head 2750 may range, for example, from 
ab out00025 to0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the second outer sealing mandrel 2755 and the outer surface of 
the second lower sealing head 2750 ranges from about 0.005 to 0.01 inches in order 
to optimally provide minimal radial clearance. 

The second outer sealing mandrel 2755 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second outer 
sealing mandrel 2755 may be fabricated from any number of conventional 
commerciallyavailablem^^ 

tow alloy steel, carbon steel, stainless steel or other similar high strength materials, 
inapreferredembodiment,^ 

stainless steel in order to optimally provide high strength, corrosion resistance, and 

low friction surfaces. 

The second outer sealing mandrel 2755 may be coupled to the second upper 
sealing head 2745 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded connection 
or a standard threaded connection. In a preferred embodiment, the second outer 
sealing mandrel 2755 is removably coupled to the second upper sealing head 2745 by 
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a standard threaded connection. The second outer sealing mandrel 2755 may be 
coupled to the expansion cone 2765 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
country tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second outer sealing mandrel 2755 is removably coupled to the expansion cone 2765 
by a standard threaded connection. 

The load mandrel 2760 is coupled to the second lower sealing head 2750 and 
the mechanical slip body 2755. The load mandrel 2760 preferably comprises an 
annular member having substantially cylindrical inner and outer surfaces. The load 
mandrel 2760 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the load mandrel 2760 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The load mandrel 2760 may be coupled to the second lower sealing head 2750 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the load mandrel 2760 is removably coupled 
to the second lower sealing head 2750 by a standard threaded connection. The load 
mandrel 2760 may be coupled to the mechanical slip body 2775 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the load mandrel 2760 is removably coupled 
to the mechanical slip body 2775 by a standard threaded connection. 
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The load mandrel 2760 preferably includesa fluid passage 2815 that is adapted 
to convey fluidic materials from the fluid passage 2810 to the fluid passage 2820. In 
a preferred embodiment, the fluid passage 2815 is adapted to convey fluidic materials 
such as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 2755. 
The expansion cone 2765 is also movably coupled to the inner surface of the casing 
2790. In this manner, the first upper sealing head 2725, first outer sealing mandrel 
2735, second upper sealing head 2745, second outer sealing mandrel 2755, and the 
expansion cone 2765 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2765 causes the casing 2790 to expand in the radial direction. 

The expansion cone 2765 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 inches in order to optimally provide expansion cone dimensions that 
accommodate the typical range of casings. The axial length of the expansion cone 
2765 may range, for example, from about 2 to 8 times the largest outer diameter of 
the expansion cone 2765. In a preferred embodiment, the axial length of the 
expansion cone 2765 ranges from about 3 to 5 times the largest outer diameter of the 
expansion cone 2765 in order to optimally provide stabilization and centralization of 
the expansion cone 2765. In a preferred embodiment, the angle of attack of the 
expansion cone 2765 ranges from about 5 to 30 degrees in order to optimally balance 
frictional forces and radial expansion forces. 

The expansion cone 2765 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or other similar high strength materials. 
In a preferred embodiment, the expansion cone 2765 is fabricated from D2 machine 
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too, steelinordertooptimallyprovme high strength and resistance to corrosion and 

^I.^l—^^^"*"**"" 0 " order 
to optimally provide high strength and resistance to wear and galbng. 

2765usinganynnmberofconventiona 1 commerc,allyavai,ab 1 emechanica 1 eonphn^ 
1 f r e amp.e, drmpipe connection, oUMd country tubular goods apecraUy 
1 threaded connection, ra,che,,atch type threaded connection or . stand rd 
Z a^c—n. Inapreferredc mb od ta en«, t heexpansioncone27e5 1S cou P .ed 
r^ndontsidesea 1 ing m andre 1 2765usi„ g astandardthreadedconnect 1 on I n 
^roptinraUypro.dehighatrengthandeasyrep— ofthe expansion cone 

2166 ' The mandre, .auncher 2770 la coup.ed to the casing 27*, The — 
launcher P Ina preferred embodiment, the wall thickness of the 

„ ,5 to 1 5 inches In a preferred embodiment, the wall thiekness of the mandrel 
0.15 to 1.5 inches. P 75 toches . In this manner, the initiation 

launcher 2770 ranges from about 0.25 to 0.75 incnes. 

launcher facilitated, the placement of the 

Ilcher 2770 has a burst strength approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 
number of conventional mechanical couplings such as, for example, a standard 
connection. The mandre, launcher 2770 may he fabricated from any 
InTof conventions, commercial, available materials such as, for 

similar high strength materia.,. In a preferred embodiment, the mandrel launcher 
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2770 is fabricated from oilfield country tubular goods of higher strength than that of 
the casing 2790 but with a reduced wall thickness in order to optimally provide a 
small compact tubular container having a burst strength approximately equal to that 
of the casing 2790. 

The mechanical slip body 2775 is coupled to the load mandrel 2760, the 
mechanical slips 2780, and the drag blocks 2785. The mechanical slip body 2775 
preferably comprises a tubular member having an inner passage 2820 fluidicly 
coupled to the passage 2815. In this manner, fluidic materials may be conveyed from 
the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip body 2775 may be coupled to the load mandrel 2760 using 
any number of conventional mechanical couplings. In a preferred embodiment, the 
mechanical slip body 2775 is removably coupled to the load mandrel 2760 using a 
standard threaded connection in order to optimally provide high strength and easy 
disassembly. The mechanical slip body 2775 may be coupled to the mechanical slips 
2780 using any number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2755 is removably coupled to the mechanical 
slips 2780 using threaded connections and sliding steel retainer rings in order to 
optimally provide a high strength attachment. The mechanical slip body 2755 may 
be coupled to the drag blocks 2785 using any number of conventional mechanical 
couplings. In a preferred embodiment, the mechanical slip body 2775 is removably 
coupled to the drag blocks 2785 using threaded connections and sliding steel retainer 
rings in order to optimally provide a high strength attachment. 

The mechanical slip body 2775 preferably includes a fluid passage 2820 that 
is adapted to convey fluidic materials from the fluid passage 2815 to the region 
outside of the apparatus 2700. In a preferred embodiment, the fluid passage 2820 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from about 
0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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ThemechanicalsUps2780arecoupledtotheoutsidesurfaceofthemecharucal 
slip body 2775. During operation of the apparatus 2700, the mechanical slips 2780 
prevent upward movement of the casing 2790 and mandrel launcher 2770. In tins 
manner, during the axial reciprocation of the expansion cone 2765, the casing 2790 
and mandrel launcher 2770 are maintained in a substantially stationary position. In 
this manner,themandrellauncher2765 and casing 2790 and mandrel launcher 2770 
are expanded in the radial direction by the axial movement of the expansion cone 

2765. „ 4 . . 

The mechanical slips 2780 may comprise any number of conventional 
commercially ava Uable mechanical shps such as, for example, RTTS packer tungsten 
carbide mechanical slips, RTTS packer wicker type mechanical slips or Model 3L 
retrievable bridge plug tungsten carbide upper mechanical slips. In a preferred 
embodiment, the mechanical slips 2780 comprise RTTS packer tungsten carbide 
m echanical slips available from Halliburton Energy Services in order to optimal y 
provide resistance to axial movement of the casing 2790 and mandrel launcher 2770 
during the expansion process. 

The dragblocks 2785 are coupled to the outside surface of the mechanical sup 
body 2775 During operation of the apparatus 2700, the dragblocks 2785 prevent 
upward movement of the casing 2790 and mandrel launcher 2770. In this manner 
during the axial reciprocation of the expansion cone 2765, the casing 2790 and 
ma ndrellauncher2770aremaintainedinasubstantiall y stationary positmn. In tins 
manner, the mandrel launcher 2770 and casing 2790 are expanded in the radxal 
direction by the axial movement of the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional commercially 
availablemechanicalslipssuchas,forexample,RTTSpackermechanicaldra g blocks 

orModel3Lretrievablebridgeplugdragblocks.Inapreferred embodiment, thedrag 
blocks 2785 comprise RTTS packer mechanical drag blocks available from 
Halliburton Energy Services in order to optimally provide resistance to axud 



-187- 



Attorney Docket No. 25791. 



10 



15 



•20. 



•25 



_ t of the casing 2790 and mandrel launcher 2770 during the expansion 

further removab,y ceup.ed to the mechanical slips 2780 and drag Mocks 2785. The 
I 2 90 prefU comprise, a tubular member. The casing 2790 nw e 
Seated from any number of conventions, cohere* availab.e mate„a, S such 
" ample, Jotted tubulars, o,,fie,d country tubmar goods, ,ow afioy stee, 

1 dimen the casing 2790 is fabricated from oilfield country tubular goods 

hig h strength using standardized materia*. In a preferred embodunent *e u e 
end of the casing 2790 includes one or more sealing members posted about the 

exterior of the casing 2790. 

During operation, the apparatus 2700 is positioned in a .ellbore w*h the 

upper end of the casing 2790 positioned in an overling ««— ^ 
elting weilbore casing. In order minimize sarge pressures wrthrn the borehote 

2,00 in the v,e,,bore, the casing 2790 is supported by the expand cone 2765 

A f rerpc,itioningof t beapparatua2700^h i n t heboreho.emanoverappmg 

r e«onship with an existing section of wehhore casing, a first flurdrc matena. - 

2815 and 2820. The first fluidic materia, will then exit the apparatus 2700 and 
:ranruterregionhet m entheout S ideoftheapparatu B 2,„0andthe i nten O rwalU 

° ftto r Tat fiuidic materia, may conrprise any number of convent,^ 
c„mmerctellyavm,ab,emater,a,asucha S ,forexamp,e,e P oxy,dnmngmud,s,agnnx 
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hardenable fluidic sealing material such as, for example, slag mix, epoxy, or cement. 
In this manner, a wellbore casing having an outer annular layer of a hardenable 
material may be formed. 

The first fluidic material may be pumped into the apparatus 2700 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi and 0 to 
3,000 gallons/minute. In a preferred embodiment, the first fluidic material is pumped 
into the apparatus 2700 at operating pressures and flow rates ranging from about 0 
to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efficiency. 

At a predetermined point in the injection of the first fluidic material such as, 
for example, after the annular region outside of the apparatus 2700 has been filled 
to a predetermined level, a plug 2910, dart, or other similar device is introduced into 
the first fluidic material. The plug 2910 lodges in the throat passage 2905 thereby 
fluidicly isolating the fluid passage 2810 from the fluid passage 2815. 

After placement of the plug 2910 in the throat passage 2905, a second fluidic 
material is pumped into the fluid passage 2795 in order to pressurize the pressure 
chambers 2915 and 2920. The second fluidic material may comprise any number of 
conventional commercially available materials such as, for example, water, drilling 
gases, drilling mud or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, water, 
drilling mud or lubricant. The use of lubricant optimally provides lubrication of the 
moving parts of the apparatus 2700. 

The second fluidic material may be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
material is pumped into the apparatus 2700 at operating pressures and flow rates 
ranging from about 0 to 3,500 psi and 0 to 1 ,200 gallons/minute in order to optimally 
provide operational efficiency. 
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The pressurization of the pressure chambers 2915 and 2920 cause the upper 
sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, and expansion 
cone 2765 to move in an axial direction. As the expansion cone 2765 moves in the 
axial direction, the expansion cone 2765 pulls the mandrel launcher 2770, casing 
2790, and drag blocks 2785 along, which sets the mechanical slips 2780 and stops 
further axial movement of the mandrel launcher 2770 and casing 2790. In this 
manner, the axial movement of the expansion cone 2765 radially expands the 
mandrel launcher 2770 and casing 2790. 

Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 
and 2755, and expansion cone 2765 complete an axial stroke, the operating pressure 
of the second fluidic material is reduced and the drill string 2705 is raised. This 
causes the inner sealing mandrels, 2720 and 2740, lower sealing heads, 2730 and 
2750, load mandrel 2760, and mechanical slip body 2755 to move upward. This 
unsets the mechanical slips 2780 and permits the mechanical slips 2780 and drag 
blocks 2785 to be moved upward within the mandrel launcher 2770 and casing 2790. 
When the lower sealing heads, 2730 and 2750, contact the upper sealing heads, 2725 
and 2745, the second fluidic material is again pressurized and the radial expansion 
process continues. In this manner, the mandrel launcher 2770 and casing 2790 are 
radially expanded through repeated axial strokes of the upper sealing heads, 2725 and 
2745, outer sealing mandrels, 2735 and 2755, and expansion cone 2765. Throughout 
the radial expansion process, the upper end of the casing 2790 is preferably 
maintained in an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 2790 is 
expanded into intimate contact with the inside surface of the lower end of the existing 
wellbore casing. In a preferred embodiment, the sealing members provided at the 
upper end of the casing 2790 provide a fluidic seal between the outside surface of the 
upper end of the casing 2790 and the inside surface of the lower end of the existing 
wellbore casing. In apreferred embodiment, the contact pressure between the casing 
2790 and the existing section of wellbore casing ranges from about 400 to 10,000 in 
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order to optimally provide contact pressure for activating the sealing members, 
provide optimal resistance to axial movement of the expanded casing, and optimally 
resist typical tensile and compressive loads on the expanded casing. 

In a preferred embodiment, as the expansion cone 2765 nears the end of the 
casing 2790, the operating pressure of the second fluidic material is reduced in order 
to minimize shock to the apparatus 2700. In an alternative embodiment, the 
apparatus 2700 includes a shock absorber for absorbing the shock created by the 
completion of the radial expansion of the casing 2790. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2765 nears 
the end of the casing 2790 in order to optimally provide reduced axial movement and 
velocity of the expansion cone 2765. In a preferred embodiment, the operating 
pressure of the second fluidic material is reduced during the return stroke of the 
apparatus 2700 to the range of about 0 to 500 psi in order minimize the resistance to 
the movement of the expansion cone 2765 during the return stroke. In a preferred 
embodiment, the stroke length of the apparatus 2700 ranges from about 10 to 45 feet 
in order to optimally provide equipment that can be easily handled by typical oil well 
rigging equipment and minimize the frequency at which the apparatus 2700 must be 
re-stroked during an expansion operation. 

In an alternative embodiment, at least a portion of the upper sealing heads, 
2725 and 2745, include expansion cones for radially expanding the mandrel launcher 
2770 and casing 2790 during operation of the apparatus 2700 in order to increase the 
surface area of the casing 2790 acted upon during the radial expansion process. In 
this manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 2720 in 
order to optimally provide a simplified assembly and operation of the apparatus 2700. 

Upon the complete radial expansion of the casing 2790, if applicable, the first 
fluidic material is permitted to cure within the annular region between the outside 
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of the expanded casing 2790 and the interior walls of the wellbore. In the case where 
the casing 2790 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 2790. In this manner, a new section of wellbore casing 
is formed within a wellbore. Alternatively, the apparatus 2700 may be used to join 
5 a first section of pipeline to an existing section of pipeline. Alternatively, the 
apparatus 2700 may be used to directly line the interior of a wellbore with a casing, 
without the use of an outer annular layer of a hardenable material. Alternatively, the 
apparatus 2700 may be used to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
10 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 2810, and the 
pressure chambers 2915 and 2920. No fluid pressure acts directly on the mandrel 
launcher 2770 and casing 2790. This permits the use of operating pressures higher 
than the mandrel launcher 2770 and casing 2790 could normally withstand. 

Referring now to Figure 20, a preferred embodiment of an apparatus 3000 for 
15 forming a mono-diameter wellbore casing will be described. The apparatus 3000 
preferably includes a drillpipe 3005, an innerstring adapter 3010, a sealing sleeve 

• •••• 

J. # ^ 3015, a first inner sealing mandrel 3020, hydraulic slips 3025, a first upper sealing 

head 3030, a first lower sealing head 3035, a first outer sealing mandrel 3040, a 
second inner sealing mandrel 3045, a second upper sealing head 3050, a second lower 

• "**20 sealing head 3055, a second outer sealing mandrel 3060, load- mandrel 3065, 

expansion cone 3070, casing 3075, and fluid passages 3080, 3085, 3090, 3095, 3100, 

• ■ 

3105, 3110, 3115 and 3120. 

• ••• 

The drillpipe 3005 is coupled to the innerstring adapter 3010. During 
operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 3000. The 

* • 25 drillpipe 3005 preferably comprises a substantially hollow tubular member or 

members. The drillpipe 3005 may be fabricated from any number of conventional 

• * \ • commercially available materials such as, for example, oilfield country tubular goods, 

low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the drillpipe 3005 is fabricated from coiled tubing in 
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order to faciliate the placement of the apparatus 3000 in non-vertical wellbores. The 
drillpipe 3005 may be coupled to the innerstring adapter 3010 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, or 
5 a standard threaded connection. In a preferred embodiment, the drillpipe 3005 is 
removably coupled to the innerstring adapter 3010 by a drillpipe connection. 

The drillpipe 3005 preferably includes a fluid passage 3080 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 3085. In a 
preferred embodiment, the fluid passage 3080 is adapted to convey fluidic materials 
0 such as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

Theinner S tringadapter3010iscoupledtothedrillstring3005andthesealing 

sleeve 3015 The innerstring adapter 301O preferably comprises a substantially 
15 h ollowtubularmemberormembers.Theinnerstringadapter3010maybefabricated 

from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, 
orother similar high strength materials. In a preferred embodiment, the innerstring 
adapter 3010 is fabricated from stainless steel in order to optimally provide high 
20 strength, corrosion resistance, and low friction surfaces. 

The innerstringadapter3010maybecou P led to the drill string 3005 usingany 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
25 innerstring adapter 3010 is removably coupled to the drill pipe 3005 by a drillpipe 
connection. The innerstring adapter 3010 may be coupled to the sealing sleeve 3015 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 
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connection. In a preferred embodiment, the innerstring adapter 3010 is removably 
coupled to the sealing sleeve 3015 by a standard threaded connection. 

The innerstring adapter 3010 preferably includes a fluid passage 3085 that is 
adapted to convey fluidic materials from the fluid passage 3080 into the fluid passage 
5 3090. In a preferred embodiment, the fluid passage 3085 is adapted to convey fluidic 
materials such as, for example, cement, epoxy , water, drilling mud, or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 30 10 and the first 
10 inner sealing mandrel 3020. The sealing sleeve 3015 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 3015 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steelorothersimilarhighstrengthmaterials. In a preferred embodiment, the sealing 
15 sleeve 3015 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 using 
anynumberofconventionalcommerciallyavailableinechanicalcouplingssuchas,for 

i example, drillpipe connection, oilfield country tubular goods specialty type threaded 

' 20. connection, ratchet-latch type connection or a.standard threaded connection. In a 
preferred embodiment, the sealing sleeve 3015 is removably coupled to the 
innerstringadapter 3010 by a standard threaded connection. The sealing sleeve 3015 
may be coupled to the first inner sealing mandrel 3020 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 3015 is removably coupled 
to the first inner sealing mandrel 3020 by a standard threaded connection. 
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ThesealingsleeveSOlSpreferablyincludesafluid passage 3090 thatisadapted 
to convey fluidic materials from the fluid passage 3085 into the fluid passage 3095. 
In a preferred embodiment, the fluid passage 3090 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud, or lubricants at 
operatingpressuresandflow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 30 15, the 
hydraulic slips 3025, and the first lower sealing head 3035. The first inner sealing 
mandrel 3020 is further movably coupled to the first upper sealing head 3030. The 
first inner sealing mandrel 3020 preferably comprises a substantially hollow tubular 
member or members. The first inner sealing mandrel 3020 may be fabricated from 
any number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, or similar 
high strength materials. In a preferred embodiment, the first inner sealing mandrel 

3020 is fabricated from stainless steel in order to optimally provide high strength, 

corrosion resistance, and low friction surfaces. 

The first inner sealing mandrel 3020 may be coupled to the sealingsleeve 3015 

usinganynumberofconventionalcommerciallyavailablemechanicalcouplingssuch 

as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 

connection. In a preferred embodiment, the first inner sealing mandrel 3020 is 
removablycoupledtothesealingsleeve3015bya S tandardthreadedconnection.The 

first inner sealing mandrel 3020 may be coupled to the hydraulic slips 3025 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the first inner sealing mandrel 3020 is 
removably coupled to the hydraulic slips 3025 by a standard threaded connection. 
The first inner sealing mandrel 3020 may be coupled to the first lower sealing head 
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3035 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type threaded connection or a standard 
threaded connection. In a preferred embodiment, the first inner sealing mandrel 
3020 is removably coupled to the first lower sealing head 3035 by a standard threaded 
connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 3095 
that is adapted to convey fluidic materials from the fluid passage 3090 into the fluid 
passage 3100. In a preferred embodiment, the fluid passage 3095 is adapted to convey 
fluidic materials such as, for example, water, drilling mud, cement, epoxy, or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 further preferably includes fluid passages 
3110 that are adapted to convey fluidic materials from the fluid passage 3095 into the 
pressure chambers of the hydraulic slips 3025. In this manner, the slips 3025 are 
activated upon the pressurization of the fluid passage 3095 into contact with the 
inside surface of the casing 3075. In a preferred embodiment, the fluid passages 3110 
are adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling fluids or lubricants at operating pressures and flow rates ranging from about 
0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 further preferably includes fluid passages 
3115 that are adapted to convey fluidic materials from the fluid passage 3095 into the 
first pressure chamber 3175 defined by the first upper sealing head 3030, the first 
lower sealing head 3035, the first inner sealing mandrel 3020, and the first outer 
sealing mandrel 3040. During operation of the apparatus 3000, pressurization of the 
pressure chamber 3175 causes the first upper sealing head 3030, the first outer 
sealing mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the expansion cone 3070 to move in an axial direction. 
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The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are activated 
upon the pressurization of the fluid passage 3095 into contact with the inside surface 
of the casing 3075. In this manner, the slips 3025 maintain the casing 3075 in a 
substantially stationary position. 

The slips 3025 preferably include fluid passages 3125, pressure chambers 3130, 
spring bias 3135, and slip members 3140. The slips 3025 may comprise any number 
of conventional commercially available hydraulic slips such as, for example, RTTS 
packer tungsten carbide hydraulic slips or Model 3L retrievable bridge plug with 
hydraulic slips. In a preferred embodiment, the slips 3025 comprise RTTS packer 
tungsten carbide hydraulic slips available from Halliburton Energy Services in order 
to optimally provide resistance to axial movement of the casing 3075 during the 
expansion process. 

The first upper sealing head 3030 is coupled to the first outer sealing mandrel 
3040, the second upper sealing head 3050, the second outer sealing mandrel 3060, and 
the expansion cone 3070. The first upper sealing head 3030 is also movably coupled 
to the outer surface of the first inner sealing mandrel 3020 and the inner surface of 
the casing 3075. In this manner, the first upper sealing head 3030, the first outer 
sealing mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 

The radial clearance between the inner cylindrical surface of the first upper 
sealing head 3030 and the outer surface of the first inner sealing mandrel 3020 may 
range, for example, from about 0.0025 to 0.05 inches. In apreferred embodiment, the 
radial clearance between the inner cylindrical surface of the first upper sealing head 
3030 and the outer surface of the first inner sealing mandrel 3020 ranges from about 
0.005 to 0.01 inches in order to optimally provide minimal radial clearance. The 
radial clearance between the outer cylindrical surface of the first upper sealing head 
3030 and the inner surface of the casing 3075 may range, for example, from about 
0.025 to 0.375 inches. In a preferred embodiment, the radial clearance between the 
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outer cylindrical surface of the first upper sealing head 3030 and the inner surface of 
the casing 3075 ranges from about 0.025 to 0. 125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. 

The first upper sealing head 3030 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The first upper sealing 
head 3030 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, or other similar high strength materials. In a preferred embodiment, the first 
upper sealing head 3030 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. The inner 
surface of the first upper sealing head 3030 preferably includes one or more annular 
sealing members 3145 for sealing the interface between the first upper sealing head 
3030 and the first inner sealing mandrel 3020. The sealing members 3145 may 
comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized seals. 
In a preferred embodiment, the sealing members 3145 comprise polypak seals 
available from Parker seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the first upper sealing head 3030 includes a 
shoulder 3150 for supporting the first upper sealing head 3030, first outer sealing 
mandrel 3040, second upper sealing head 3050, second outer sealing mandrel 3060, 
and expansion cone 3070 on the first lower sealing head 3035. The first upper 
sealing head 3030 may be coupled to the first outer sealing mandrel 3040 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the first 
upper sealing head 3030 is removably coupled to the first outer sealing mandrel 3040 
by a standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the first upper sealing head 3030 and the first outer sealing 
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mandrel 3040 includes one or more sealing members 3155 for fluidicly sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
mandrel 3040. The sealing members 3155 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing members 
3155 comprise polypak seals available from Parker Seals in order to optimally provide 

sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing mandrel 
3020 and the second inner sealing mandrel 3045. The first lower sealing head 3035 
is also movably coupled to the inner surface of the first outer sealing mandrel 3040. 
In this manner, the first upper sealing head 303O, first outer sealing mandrel 3040, 
second upper sealing head 3050, second outer sealing mandrel 3060, and expansion 
cone 3070 reciprocate in the axial direction. The radial clearance between the outer 
surface of the first lower sealing head 3035 and the inner surface of the first outer 
sealing mandrel 3040 may range, for example, from about 0.0025 to 0.05 inches. In 
a preferred embodiment, the radial clearance between the outer surface of the first 
lower sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges from about 0.005 to 0.01 inches in order to optimally provide minimal radial 
clearance. 

The first lower sealing head 3035 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The first lower sealing 
head 3035 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the first lower sealing head 3035 is fabricated from stainless steel m 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. The outer surface of the first lower sealing head 3035 preferably includes 
one or more annular sealing members 3160 for sealing the interface between the first 
lower sealing head 3035 and the first outer sealing mandrel 3040. The sealing 
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members 3160 may comprise any number of conventional commercial* available 
annular sealingmemberssuchss.forexample.o-rings.polypak seals, ormetalspnng 

energized seals. In a preferred embodiment, the sealing members 3160 compnse 
polypak seals available from Parker Seals in order to optimally provide sealing for a 

) long axial stroke. 

The fret lower sealing head 3035 may be coupled to the first inner seahng 

mandrei 3020 using anynnmberof conventional commercially available meohan.ca! 

couplings such as, for example, dril.pipe connection, oilfield country tubular goods 

specialty type threaded connection, ratchet-latch type threaded connects or a 
0 standard threaded connection. In a preferred embodiment, the first tower sealing 
" h e.d3035isremovablycoupledtothefirstin„er S ealin 8 mandrel3020byastandard 

threadedconnection. In a preferred embodiment, the mechanical coupling between 

the first tower sealing head 3035 and the first inner sealing mandrel 3020 includes 
„„eormoresealingmember S 3165fornuidic.»sealingtbein te rfacebetweenthefirst 

„ tower sealing head 3035 and the first inner aeabng mandre, 3020. The seahng 
members 3!65 may comprise any number of conventional commercially available 
sealing members such as, for example, o-nngs, polypak seals, or metal spnng 
energized seal, In a preferred embodiment, the sealing members 3165 compnse 
pdypak seals avaitoble from Parker Seals in order to optimally provide seahng for a 

20 long axial stroke length. 

The first lower sealinghead 3035 maybe coupled to the second inner seahng 
m andrel 3045 using any number of conventional commercially available mechamcal 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connects or a 

25 standard threaded connection. In a preferred embodiment, the first lower *ahng 
head 3035 is removably coupled to the second inner sealing mandrel 3045 by a 
standardthreadedconnection. In a preferred embodiment, the mechanical couphng 
between the firstlower sealinghead 3035 and the second inner sealing mandrel 3045 
includesoneormoresealingmembers3170forfluidiclysealingtheinterfacebetween 
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the first lower sealing head 3035 and the second inner sealing mandrel 3045. The 
sealing members 3170 may comprise any number of conventional commercially 
available sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 3170 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing head 
3030 and the second upper sealing head 3050. The first outer sealing mandrel 3040 
is also movably coupled to the inner surface of the casing 3075 and the outer surface 
of the first lower sealing head 3035. In this manner, the first upper sealing head 
3030 first outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealingmandrel3060,andtheexpansioncone3O70reciprocate in theaxial direction. 

The radial clearance between the outer surface of the first outer sealing mandrel 
3040 and the inner surface of the casing 3075 may range, for example, from about 
0 025 to 0.375 inches. In a preferred embodiment, the radial clearance between the 
outer surface of the first outer sealing mandrel 3040 and the inner surface of the 
casing 3075 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The radial 
clearance between the inner surface of the first outer sealing mandrel 3040 and the 
outer surface of the first lower sealing head 3035 may range, for example, from about 
0 005 to 0.125 inches. In a preferred embodiment, the radial clearance between the 
inner surface of the first outer sealing mandrel 3040 and the outer surface of the first 
lower sealinghead 3035 ranges from about 0.0O5 to 0.01 inches in order to optimally 

provide minimal radial clearance. 

Thefirstoutersealingmandrel3040 P referablycomprisesanannularmember 

having substantially cylindrical inner and outer surfaces. The first outer sealing 
mandrel 3040 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
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preferred embodiment, the first outer sealing mandrel 3040 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 

low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper sealing 
head 3030 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. In a preferred embodiment, the first outer sealing 
mandrel 3040 is removably coupled to the first upper sealing head 3030 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling between 
the first outer sealing mandrel 3040 and the first upper sealing head 3030 includes 
one or more sealing members 3180 for sealing the interface between the first outer 
sealing mandrel 3040 and the first upper sealing head 3030. The sealing members 
3180 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals or metal spring energized seals. 
In a preferred embodiment, the sealing members 3180 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The first outer sealing mandrel 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the first 
outer sealing mandrel 3040 is removably coupled to the second upper sealing head 
25 3050 by a standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the first outer sealing mandrel 3040 and the second upper sealing 
head 3050 includes one or more sealing members 3185 for sealing the interface 
betweenthefirstoutersealingmandrel 3040 and the second upper sealing head 3050. 
The sealing members 3185 may comprise any number of conventional commercially 
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avaiiab.esealingmemberssuchas.forexa^le.o-nngs.poiypakseaUormetal.pnng 
energized seals. In a preferred embodiment, the sealing members 3185 compnse 
poiypak seal, available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower seabng 
head 3035and the second lower sealing head 3055. The secondinnersealingmandre! 
3045 preferably comprises a substantially hollow tubular member or members. The 
second inner sealing mandrel 3045 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfleld country 
tubular goods, low alloy steel, carbon steel, stainlesa steel or other similar h,gh 
strength materials. In a preferred embodiment, the second inner sealing mandrel 
3045 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional commercially avaUable 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods special* type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower sealmg 
head 3035 by a standard threaded connection.. The second inner sealing mandrel 
3045 may be coupled to the second lower sealing head 3055 using any number of 
conventional commercially available mechanical couplings such as, for example 
drillpipe connection, oilfield country tubular goods specialty tm threaded 
connection, ratchet-latch type connection, or a standard threaded connection. In a 
preferred embodiment, the second inner sealing mandrel 3045 is removably coupled 
to the second lower sealing head 3055 by a standard threaded connection. 

The second inner sealing mandrel 3045 preferably includes a iluid passage 
3100 that is adapted to convey fluidic materials from the fluid passage 3095 mto the 
fluid passage 3105. In a preferred embodiment, the fluid passage 3100 is adapted to 
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convey fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The second inner sealing mandrel 3045 further preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid passage 
3l00intothesecondpressurechamber3190defmedbytheseconduppersealinghead 

3050, the second lower sealing head 3055, the second inner sealing mandrel 3045, and 
the second outer sealing mandrel 3060. During operation of the apparatus 3000, 
pressurization of the second pressure chamber 3190 causes the first upper sealing 
head 3030, the first outer sealing mandrel 3040, the second upper sealing head 3050, 
the second outer sealing mandrel 3060, and the expansion cone 3070 to move in an 
axial direction. 

The second upper sealing head 3050 is coupled to the first outer sealing 
mandrel 3040 and the second outer sealing mandrel 3060. The second upper sealing 
head 3050 is also movably coupled to the outer surface of the second inner sealing 
mandrel 3045 and the inner surface of the casing 3075. In this manner, the second 
upper sealing head 3050 reciprocates in the axial direction. The radial clearance 
between the inner cylindrical surface of the second upper sealing head 3050 and the 
outer surface of the second inner sealing mandrel 3045 may range, for example, from 
aboutO.0025toO.05 inches. In a preferred embodiment, the radial clearance between 
the inner cylindrical surface of the second upper sealing head 3050 and the outer 
surface of the second inner sealing mandrel 3045 ranges from about 0.005 to 0.01 
inches in order to optimally provide minimal radial clearance. The radial clearance 
between the outer cylindrical surface of the second upper sealing head 3050 and the 
inner surface of the casing 3075 may range, for example, from about 0.025 to 0.375 
inches. Inapreferred embodiment, the radial clearancebetween the outer cylindrical 
surface of the second upper sealing head 3050 and the inner surface of the casing 
3075 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. 
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The second upper sealing head 3050 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second upper sealing 
head 3050 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the second upper sealing head 3050 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. The inner surface of the second upper sealing head 3050 preferably includes 
one or more annular sealing members 3195 for sealing the interface between the 
second upper sealing head 3050 and the second inner sealing mandrel 3045. The 
sealing members 3195 may comprise any number of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals or 
metal spring energized seals. In a preferred embodiment, the sealing members 3195 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

In a preferred embodiment, the second upper sealing head 3050 includes a 
shoulder 3200 for supporting the first upper sealing head 3030, first outer sealing 
mandrel 3040, second upper sealing head 3050, second outer sealing mandrel 3060, 
and expansion cone 3070 on the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to the first outer sealing 
mandrel 3040 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second upper sealing 
head 3050 is removably coupled to the first outer sealing mandrel 3040 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling between 
the second upper sealing head 3050 and the first outer sealing mandrel 3040 includes 
one or more sealing members 3185 for fluidicly sealing the interface between the 
second upper sealing head 3050 and the first outer sealing mandrel 3040. The second 
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upper seating head 3050 ma, be coupled to the second outer sealing mandre. 30 0 
m , L — , «pipe connection, oiif.eid country tubuiar ^ ^ 
.• In a oreferred embodiment, the second upper sealing head 3050 is 

" ing members 3 2 05 lor nuidiCy aeahng the interlace between the second 
Thp second lower sealing head duoo is coupi* 

The second ThcsecO ndlower S ealinghead3056isalso 
mandrel3045andtheloadmandrel3065. meseco ™ h 

m „vab ly coupied to the inner surface ol the second outer eealmg mandre 306 0£ 
2 miner the first upper seahng head 3O30, first outer seahng — 1 *H0. 

„ second upper aeaiing mandre, 3050, second outer -J-^ 
expansionconeSOTOreciprocateintheaxnddrrection.Theradialolea 

• inches In a preferred embodiment, the radio! clearance between the outer surface 

: 2 „ fte secoJ lower seaUng head 3055 and the inner surface of the second ouUr 

nrovide minimal radial clearance. 

> ^ngauhstantiaHyCindrica.mnerandon.rsurfaoes -second^ n 
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•= OTd er to opthnal.y provide high strength, corrosion resistance, and tow friction 
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surfaces. The outer surface of the second lower sealing head 3055 preferably includes 
one or more annular sealing members 3210 for sealing the interface between the 
second lower sealing head 3055 and the second outer sealing mandrel 3060. The 
sealing members 3210 may comprise any number of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals, or 
metal spring energized seals. In a preferred embodiment, the sealing members 3210 
comprise polypak seals available from Parker Seals in order to optimally provide 

sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the second inner sealing 
mandrel 3045 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, orastandard threaded connection. Inapreferred 

embodiment, the second lower sealing head 3055 is removably coupled to the second 
inner sealing mandrel 3045 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the lower sealing head 3055 and the 
second inner sealing mandrel 3045 includes one or more sealing members 3215 for 
fluidicly sealing the interface between the second lower sealing head 3055 and the 
second inner sealing mandrel 3045. The sealing members 3215 may comprise any 
number of conventional commercially available sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3215 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the load mandrel 3065 
using anynumberof conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, or a standard threaded connection. In a preferred embodiment, 
the second lower sealing head 3055 is removably coupled to the load mandrel 3065 by 
a standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the second lower sealing head 3055 and the load mandrel 3065 
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In a preferred embodiment, the second lower sealing bead 3055 includes a 
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about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the second outer sealing mandrel 3060 and the outer surface of 
the second lower sealing head 3055 ranges from about 0.005 to 0.01 inches in order 
to optimally provide minimal radial clearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second outer 
sealing mandrel 3060 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the second outer sealing mandrel 3060 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 

low friction surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, orastandard threaded connection. 

In a preferred embodiment, the outer sealing mandrel 3060 is removably coupled to 
the second upper sealing head 3050 by a standard threaded connection. The second 
outer sealing mandrel 3060 may be coupled to the expansion cone 3070 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second outer sealing mandrel 3060 is removably coupled to the expansion cone 3070 
by a standard threaded connection. 

The first upper sealing head 3030, the first lower sealing head 3035, the first 
inner sealing mandrel 3020, and the first outer sealing mandrel 3040 together define 
the first pressure chamber 3175. The second upper sealing head 3050, the second 
lower sealinghead 3055, the second inner sealing mandrel 3045, and the second outer 
sealing mandrel 3060 together define the second pressure chamber 3190. The first 
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and second pressure chambers. 3175 and 3190. are fluididy coupted to the passages, 
3095 and 3100. via one or more passages, 3115 and 3120. During operation o the 
apparatus 3000, the phrg 3230 engages with the throat passage 3225 to « 
iaoiate the fluid passage 3100 from the fluid passage 3105. The pressure chamber* 

3030, the first outer seaUng mandrel 3040, the second upper sealing head 3050, he 
second outer seaiing mandre! 3060, and expansion cone 3070 to reciprocate » he 
axia. direction. The axial motion of the expansion cone 3070 in turn expands the 
casing3075 in theradmldirecUonTheuseofapluralitvof pressure chambers, 3!75 
and 3190, effectively multiplies the available driving force for the expansion cone 
3070 

" The load mandrel 3065 is coupled to the second lower sealing head 3055. The 
,„ad mandrel 3065 preferab.y comprises an annular member having subs— 
cyhndricannnerandoutersurfaces. Theload nrandrei 3065 may he fahncated from 
a„ y number of conventional oommerciafly avai.abie materia* such as, or exatnpto 
oil „e,d country tubu!ar goods, tow afloy steel, carbon steel, stainless stee, or *h 
sim „armghstrengthmaterials. ^preferred embodiment .thetoadm^d 3*5 
„ fabricated from stainless stee, in order to optima!* prov.de h,gh strength, 
corrosion resistance, and low friction surfaces. , n «„ ainB 
The ioad mandrel 3065 may be coupled to the tower sealing head 3055 usmg 
anynumberofconventionaicommerciallyavattablemechanicalcouplingssuchas.for 

example, epoxy, cement, water, drUhng ttud. or tobricants In a preyed 
embodiment, thetoad mandrel 3065 isremovably coupled to the lower seahnghead 

3055 by a standard threaded connection. 

Theloadmandre^OeSpreferablyincladesafluidpassageSlOSthafsadaptad 

to convey fluidic materiaU from the fluid passage 3100 to the region outside of the 
apparatus 3000. In a preferred embodiment, the fluid passage 3105 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, driffing mud or 
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lubricants at operating pressures and {low rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The expansion cone 3070 is coupled to the second outer sealing mandrel 3060. 
The expansion cone 3070 is also movably coupled to the inner surface of the casing 
3075. In this manner, the first upper sealing head 3030, first outer sealing mandrel 
3040, second upper sealing head 3050, second outer sealing mandrel 3060, and the 
expansion cone 3070 reciprocate in the axial direction. The reciprocation of the 
expansion cone 3070 causes the casing 3075 to expand in the radial direction. 

The expansion cone 3070 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 inches in order to optimally provide an expansion cone 3070 for 
expanding typical casings. The axial length of the expansion cone 3070 may range, 
for example, from about 2 to 8 times the maximum outer diameter of the expansion 
cone 3070. In a preferred embodiment, the axial length of the expansion cone 3070 
ranges from about 3 to 5 times the maximum outer diameter of the expansion cone 
3070 in order to optimally provide stabilization and centralization of the expansion 
cone3070duringtheexpansionprocess. In a particularly preferred embodiment, the 
maximum outside diameter of the expansion cone 3070 is between about 95 to 99 % 
of the inside diameter of the existing wellbore that the casing 3075 will be joined 
with. In a preferred embodiment, the angle of attack of the expansion cone 3070 
ranges from about 5 to 30 degrees in order to optimally balance the frictional forces 
with the radial expansion forces. 

The expansion cone 3070 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics, or other similar high strength materials. 
In a preferred embodiment, the expansion cone 3070 is fabricated from D2 machine 
tool steel in order to optimally provide high strength and resistance to wear and 
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galling. In a particularly preferred embodiment, the outside surface of the expansion 
cone 3070 has a surface hardness ranging from about 58 to 62 Rockwell C in order 
to optimally provide high strength and resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing mandrel 
5 3060 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type connection or a standard threaded 
connection. In a preferred embodiment, the expansion cone 3070 is coupled to the 
second outside sealing mandrel 3060 using a standard threaded connection in order 

10 to optimally provide high strength and easy disassembly. 

The casing 3075 is removably coupled to the slips 3025 and the expansion cone 
3070. The casing 3075 preferably comprises a tubular member. The casing 3075 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oilfield country tubular goods, carbon steel, low 

15 alloy steel, stainless steel, or other similar high strength materials. In a preferred 
embodiment, the casing 3075 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 

>• 

; # high strength. 

I •••• 

>• ^^m^ In a preferred embodiment, the upper end 3235 of the casing 3075 includes a 

20 ■ thin wall section 3240 and an outer annular sealing member 3245.- In a preferred 
embodiment, the wall thickness of the thin wall section 3240 is about 50 to 100 % of 
the regular wall thickness of the casing 3075 . In this manner, the upper end 3235 of 
the casing 3075 may be easily radially expanded and deformed into intimate contact 

•••• 

with the lower end of an existing section of wellbore casing. In a preferred 
; »••• 25 embodiment, the lower end of the existing section of casing also includes a thin wall 
section. In this manner, the radial expansion of the thin walled section 3240 of 
casing 3075 into the thin walled section of the existing wellbore casing results in a 
wellbore casing having a substantially constant inside diameter. 



*• • 
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The annular sealing member 3245 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. In a preferred embodiment, the annular sealing member 
3245 is fabricated from StrataLock epoxy in order to optimally provide 
5 compressibility and wear resistance. The outside diameter of the annular sealing 
member 3245 preferably ranges from about 70 to 95 % of the inside diameter of the 
lower section of the wellbore casing that the casing 3075 is joined to. In this manner, 
after radial expansion, the annular sealing member 3245 optimally provides a fluidic 
seal and also preferably optimally provides sufficient frictional force with the inside 
10 surface of the existing section of wellbore casing during the radial expansion of the 
casing 3075 to support the casing 3075. 

In a preferred embodiment, the lower end 3250 of the casing 3075 includes a 
thin wall section 3255 and an outer annular sealing member 3260. In a preferred 
embodiment, the wall thickness of the thin wall section 3255 is about 50 to 100 % of 
15 the regular wall thickness of the casing 3075. In this manner, the lower end 3250 of 
the casing 3075 may be easily expanded and deformed. Furthermore, in this manner, 
an other section of casing may be easily joined with the lower end 3250 of the casing 
3075 using a radial expansion process. In a preferred embodiment, the upper end of 
the other section of casing also includes a thin wall section. In this manner, the 
20 radial expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 3255 of the lower end 3250 of the casing 3075 results in a 
wellbore casing having a substantially constant inside diameter. 

The upper annular sealing member 3245 may be fabricated from any number 
of conventional commercially available sealing materials such as, for example, epoxy, 
• 25 rubber, metal or plastic. In a preferred embodiment, the upper annular sealing 
: member 3245 is fabricated from Stratalock epoxy in order to optimally provide 

compressibility and resistance to wear. The outside diameter of the upper annular 
| sealing member 3245 preferably ranges from about 70 to 95 % of the inside diameter 

of the lower section of the existing wellbore casing that the casing 3075 is joined to. 
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b this manner, after radial expansion, the upper annular sealing member 3245 
preferably prevides a fluidic seal and also preferably provides sufficient fnofonal 
force with the inside wall of the wellbore during the radial expansion of the casurg 

3075 to support the casing 3075. 

The lower annular sealing member 3260 may be fabricated from any number 
ofeonventionalcommerciaUyavailab.esea.ingmateria^suchas.forexamp.e.epoxy, 

rubber, metal or plastic. In a preferred embodiment, the lower annular seahng 
m ember 3260 is fabricated from StrataLock epoxy in order to optimally prov.de 
compressibility and resistance to wear. The outside diameter of the lower War 
, s eaHngmember3260preferablyrangesfromabeut70to95%oftheins i ded,ame^r 

0 f the lower section of the existing wellborn easing that the casing 3075 ispmed to. 

wellbore during the radial expansion of thecasing 3075 to support the casmg » 
5 During operation, the apparatus 3000 is preferably positioned m a wellbore 

" wi ththeupperend3235oftheeasmg3075positiened ta anover.a P pmgrelationshrp 

with the .ewer end of an existing wellbore casing. In a particularly preferred 
embodiment, the thin wall section 3240 of the casing 3075 is positioned in opposutg 
everlappingrelation with the thin wall section and outer annular sealing member o 
,0 the lower end of the existing section of wellbore easing. In this manner, the radral 
' expansion of the easing 3075 will compress the thin wall sections and annular 
compressiblememberso f theupperend3235oftheer K in g 3075andthelowerendo f 

the existing weUbore easing into intimate contact. During the positioning of he 
apparatus 3000 in the wellbore, the easing 3000 is preferably supported by the 

25 expansion cone 3070. 

After positioning the apparatus 30M, a flrat fluidic material is then pumped 
into the fluid passage 3080. The first fluidic materia, may comprise any number of 
conventional commercially available materials sueh as, for example, dnlhng mud 
water, epoxy, cement, slag mix or lubricants. In a preferred embodiment, the first 
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u j uioflnidic sealing material such as, for example, 
fluiaicmaterialcomprisesahardenablefl^ 

cement, epoxy, or slag mix in order to optimally provide 

body around the expanded casing 3075^ 3o8o ^ 

The first fluidic material may be pumped mto the fluid p g 

a fw rates ranging, for example, from about 0 to 4,500 psi 
gating pressures and fl ow ra* ~ ^ „. firstfluidic materi al 

the flXa=r 8 a S 30 8 5 > 3090,3095,3100,and3 1 05anathenout sid eoftheappa r aus 
^"nuiaic-t^U.enp^^U.ean.^^^ 

outside of the apparatus 3000 and the interior wallsof the wellWe. 

The plug 3230 is then introduced into the thud passage 3080. The P g 

\ . .„ 3225 and fluidiely isolates and blocks off the fluid 
todgea in the throat passage 3226 ^and ■^ ' </%m1mlmM . 
passage 3100. In a preferred embodiment, a cuuple of 

second nuldic material may compr.se any « 
or lubricant in order to optimally provide presaunzafon of the pressure 



.:25 

3175 and 3190. 



3175 I::! fl.dic materia, ma, he pumped into ,e fluid passage 3030 at 
operating pressures and flow rates ran,ng, for exempt, from about 0*A ^ ^ 
and 0 to 4,500 gallons/minute. In a preferred embodunent, the second 
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material ispumped into the fluid passage 3080 at operating pressures and flowrates 
ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 

provide operational efficiency. 

ThesecondnuidicmaterialpumpedintothenuidpassageSOSOpassesthrough 

the fluid passages 3085, 3090, 3095, 3100 and into the pressure chambers 3130 of the 
s ,ips3025,audintothepressureehambers3175 a nd3190.Centinuedpumpi„gofthe 

second fluidic material pressurizes the pressure chambers 3130, 3175, and 3190. 

The pressurization of the pressure chambers 3130 causes the hydraulic shp 
members 3140 to expand in the radial direction and grip the interior surface of the 
casing 3075. The casing 3075 is then preferably maintained in a substanrially 

stationary position. 

The prestation of the pressure chambers 3175 and 3190 cause the first 
upper se almghead3030,firstouter S ea.ingmandrel3040, S econduppersealinghead 

3050 second outer sealing mandre! 3060, and expansion cone 3070 to move in an 
axial direction relative to the casing 3075. In this manner, the expansion cone 3070 
wiU cause thecaaing3075 to expand in the radial direction, beginning vrith the lower 

end 3250 of the casing 3075. 

Duringtheradialexpansionproces S ,thecasing3075ispre«entedfrommov 1 ng 

in an upward direction by tbe slips 3025. A .ength of the casing 3075 is then 
expandedintheradialdirection through thepressurizationofthepressure chambers 
3175 and 3190. The length of the casing 3075 that is expanded during the expansion 
process will be proportional to the stroke .ength of the first upper sealing head 3030, 
fi rstonter S enlingmandrel3040,seconduppersealinghead3050,andexpansioncone 

3070. , n ... 

Upon the completion of a stroke, the operating pressure of the second fluidic 
material isreduced and the first upper sealinghead 3030, first outer sealing mandre 
3040, second upper sealing head 3050, second outer sealing mandrel 3060, and 
expansion cone 3070 drop to their rest positions with the casing 3075 supported by 
the expansion cone 3070. The reduction in the operating pressure of the second 



-216- 



Attorney Docket No. 25791.17 



fluidic material also causes the spring bias 3135 of the slips 3025 to pull the slip 
members 3140 away from the inside walls of the casing 3075. 

The position of the drillpipe 3075 is preferably adjusted throughout the radial 
expansionprocessinordertomaintaintheeverlappingrelatienshipbetween the thin 

5 walled sections of the lower end of the existing wellbore casing and the upper end of 
theeasing3235. I „apreferredembodiment,thestrekingeftheexpanaioneone3070 
is then repeated, as necessary, until the thin walled section 3240 of the upper end 
3235 of the easing 3075 is expanded into the thin walled section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed includmg 

U> twoadiacentseetionsofcasinghavingasubstantiallyconstantinsidediame.Br.Th.s 

process may then be repeated for the entirety of the wellbore to provide a wellbore 
casing thousands of feet in length having a substantially constant inside diameter. 

Inapreferredembodiment,duringthefmalstrokeoftheexpansioncone3070, 
the slips 3025 are positioned as close aspossible to the thin walled section 3240 of the 
U upper end 3235 of the casing 3075 in order minimize slippage between the casmg 
3076 and the existing wellbore casing at the end of the radial expansion proces, 
Alternative*, or in addition, the outside diameter of the upper annuiar aeahng 
m ember 3245 is selected to ensure suflicient interference fit with the inside diameter 
of the lower end of the existing casing to prevent axial displacement of the casmg 

1 o„erannularsea 1 ingmember3260is S e 1 ectedtoprovideaninterfereneefitwththe 

inside walla of the wellbore at an earher point in the radia! expansion process so as 
to preventfurtheraxialdisp 1 acementefthecasin g 3075. In this final alternative, the 
interference fit is preferably selected to permit expansion of the easing 3075 by 
26 pufling the expansion cone 3070 out of the wellbore, without having to pressure the 
pressure chambers 3175 and 3190. 
'■ During the radial expansion process, the pressurised areas of the apparatus 

3000 are preferably limited to the fluidpassagea 3080, 3085, 3090, 3095, 3100, 3110, 
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3115 3120, the pressure chambers 3130 within the slips 3025, and the pressure 
chambers 3175 and 3190. No fluid pressure acts directly on the casing 3075. Tins 
permits the use of operating pressures higher than the casing 3075 could normally 
withstand. 

Once the casing 3075 has been completely expanded off orthe expane.cn cone 
3070, the remaining portions of the apparatus 3000 are removed from the wellbore 
,„ a preferred embodiment, the contact pressure between the deformed than wall 
sections and compressible annular members of the lower end of the existing casmg 
and the upper end 3235 of the casing 3075 ranges from about 400 to 10,000 psi in 
order to optimally support the casing 3075 using the existing wellbore casmg. 

In this manner, the casing 3075 is radially expanded into contact with an 
C xistiugsectionofcasingbypres m riziagtheinter,orfluidpa S sages3080,3085,3090 

3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 3025 and 

the pressure chambers 3175 and 3190 of the apparatus 3000. 

Inapreferredembodiment.aarequired.theannmarbodyofhardenablenmd.c 

nmterial is then allowed to cure to form a rigid outer annular body about the 
expanded casing3075. In thecase where the casing 3075 is slotted, the curedflmdrc 
materim Pre ferabl yP ermeatosanden TC .o P stheexpandedcasing3075.Theresultmg 

new section of wellbore casing includes the expanded caaing 3075 and therigid outer 
annularbody.Theoverlappingjomtbetwe^nthepre-exisUngwellborecaaingandthe 

expanded casing 3075 includes the deformed thin wall sections and the compressible 
outer annularbodies.Theinnerdiame.erofther^ultingcombinedwel.b.recaainga 

i8 substantially constant. In this manner, a mono-diameter wellbore casmg . 
formed This process of expanding overlapping tubular members having thm wall 
end portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casmg can be 
provided for thousands of feet in a subterranean formation. 
' In a preferred embodiment, as the expansion cone 3070 nears the upper end 
3235 of the casing 3075, the operating flow rate of the second nuidic matenal .s 



-218- 



Attorney Docket No. 25791.17 



10 



25 



reduced in order to Minimize shook to the apparatus 3000. In an aU.mat.ve 

createdb y theoompletionoftheradialexpansionofthecasing3076. 

tn a preferred embodiment, the reduced operating pressure of the second 
fluidicnrateria.ranges.rorn about 100 to ,000 psi as the expansion cone 3070 nears 
LendofthecaaingSOTSinordertooptW.yprcvidereduceda^nrovementand 

Hit, of the expansion cone 3070. In a preferred en.bodin.ent, the « 
pressure of the second fluidic nraterial is reduced during the return strok of the 
pressureo f ,wO to 500psun order minimize the resistance to 

apparatus3000totherangeofabout0to5UOpsi.no .^—a 

I movement of the expansion cone 3070during the return stroke. In a Purred 
embodiment, the stroke length ofthe apparatus 3000 ranges fl-om about XOt^ 4 feet 

rigging equipment and alao minimize the fluency at which the apparatus 3000 

must be re-stroked. 

lu an alternative embodiment, at .east a portion of one or both of the uppe 

area o, the casing 3075 acted upon during the radia. expan.cn process. In 
manner, the operating pressures can be reduced. 

^anexi^eectionofpipe.ine.AitemaUve. a*"^™^!^ 
direct* Una the interior of a weflbore with a casing, without the use 
amuflar .ayer of a hardenab,e materia.. Alternative.,, the apparatus 3000 may 
used to expand a tubular support member in a hole. 

Z*. now to Figure 2!, an apparatus 3330 for iso.at.ng sub*™ 
M „esw...bedescribed.Aweflbore3305ineIud i n g acas i „g33 1 0arepo^ 3 «.oned.na 

„fl sand zone 3325. During exploration of the subterranean formatron 3315, 
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wellbore 3305 may be extended in a well known manner to traverse the various 
productive and non-productive zones, including the water zone 3320 and the targeted 
oil sand zone 3325. 

In a preferred embodiment, in order to fluidicly isolate the water zone 3320 
from the targeted oil sand zone 3325, an apparatus 3330 is provided that includes one 
or more sections of solid casing 3335, one or more external seals 3340, one or more 
sections of slotted casing 3345, one or more intermediate sections of solid casing 3350, 

and a solid shoe 3355. 

The solid casing 3335 may provide a fluid conduit that transmits fluids and 
other materials from one end of the solid casing 3335 to the other end of the solid 
casing 3335. The solid casing 3335 may comprise any number of conventional 
commercially available sections of solid tubular casing such as, for example, oilfield 
tubulars fabricated from chromium steel or fiberglass. In a preferred embodiment, 
the solid casing 3335 comprises oilfield tubulars available from various foreign and 

domestic steel mills. 

The solid casing 3335 is preferably coupled to the casing 3310 . The solid casing 
3335 may be coupled to the casing 3310 using any number of conventional 
commercially available processes such as, for example, welding, slotted and 
expandable connectors, or expandable solid connectors. In a preferred embodiment, 
. the solid casing 3335 is coupled to the casing .3310 by using expandable solid 
connectors. The solid casing 3335 may comprise a plurality of such solid casings 
3335. 

The solid casing 3335 is preferably coupled to one more of the slotted casings 
3345. The solid casing 3335 may be coupled to the slotted casing 3345 using any 
number of conventional commercially available processes such as, for example, 
welding, or slotted and expandable connectors. In a preferred embodiment, the solid 
casing 3335 is coupled to the slotted casing 3345 by expandable solid connectors. 

In a preferred embodiment, the casing 3335 includes one more valve members 
3360 for controlling the flow of fluids and other materials within the interior region 
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of the casing 3335. In an alternative embodiment, during the production mode of 
operation, an internal tubular string with various arrangements of packers, 
perforated tubing, sliding sleeves, and valves maybe employed within the apparatus 
to provide various options for commingling and isolating subterranean zones from 
5 each other while providing a fluid path to the surface. 

In a particularly preferred embodiment, the casing 3335 is placed into the 
wellbore 3305 by expanding the casing 3335 in the radial direction into intimate 
contact with the interior walls of the wellbore 3305. The casing 3335 may be 
expanded in the radial direction using any number of conventional commercially 
10 available methods. In a preferred embodiment, the casing 3335 is expanded in the 
radial direction using one or more of the processes and apparatus described within 
the present disclosure. 

The seals 3340 prevent the passage of fluids and other materials within the 
annular region 3365 between the solid casings 3335 and 3350 and the wellbore 3305. 
15 The seals 3340 may comprise any number of conventional commercially available 
sealing materials suitable for sealing a casing in a wellbore such as, for example, lead, 
rubber or epoxy . In a preferred embodiment, the seals 3340 comprise Stratalok epoxy 
material available from Halliburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into and out 
20 of the interior of the slotted casing 3345 from and to the annular region 3365. In this 
manner, oil and gas may be produced from a producing subterranean zone within a 
subterranean formation. The slotted casing 3345 may comprise any number of 
conventional commercially available sections of slotted tubular casing. In a preferred 
embodiment, the slotted casing 3345 comprises expandable slotted tubular casing 
: 25 available from Petroline in Abeerdeen, Scotland. In a particularly preferred 
embodiment, the slotted casing 145 comprises expandable slotted sandscreen tubular 
casing available from Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 3335. 
The slotted casing 3345 may be coupled to the solid casing 3335 using any number 
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of conventional —Ian, available processes such as, for e*un P >e 

sl „«ed or solid expandab.e connectors. In a preferred embo .men, t e sotted 

casing 3345 is coup.ed to the soiid casing 3335 b, expandable sohd conne to s. 

example, welding or expandable solid or slotted connectors. In a preferred 

hv expandable solid connectors. 

The iast section of slotted casing 3345 is preferably coupled to the sboe 3355 
T „e iast slotted casing 3345 may be coup.ed to tbe sboe 3355 using any number o 
conventional commercially available processes snob as, for example, we dmg o 

™L 3345 is coupled to the shoe 3355 by an expandable sohd connector. 
^Tan— ve embodiment, t he shoe 3355 is coup,ed direct., to the last one 

of the intermediate solid casings 3350. 

napreferredembodimenMheslottedca S ings3345arepositioned™thu,the 

weUbore 3305 by expanding the slotted casmgs 3345 in a radial directum mto 
« ontact with the interior walls of the weUbore 3305. The slotted castng, 
^ may be expanded in a radial direction, using any number of eon— 
"mercLly available processes. In a preferred embodiment, thee 
3345 are expanded in the radial direction using one or more of the P ™ and 
apparatus disclosed in the present disclosure with reference to F,gures 14 -20. 
W T hein t er m ediate 8 o,idcasing3350 P ern,t S nnidsandothermater^^ 

oetween adjacent slotted casings 3345. The intermediate soh casmg ^nay 
casing such as, for example, oilfield tubulars fabricated fi-om chromnnn steel or 
oUfield tubulars available from foreign and domestic steel nulls. 
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The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any number of conventional commercially 
available processes such as, for example, welding, or solid or slotted expandable 
connectors. In a preferred embodiment, the intermediate solid casing 3350 is coupled 
to the slotted casing 3345 by expandable solid connectors. The intermediate sohd 
casing 3350 may comprise a plurality of such intermediate solid casing 3350. 

In a preferred embodiment, each intermediate solid casing 3350 includes one 
more valve members 3370 for controlling the flow of fluids and other materials within 
the interior region of the intermediate casing 3350. In an alternative embodiment, 
as will be recognizedby persons having ordinary skill in the art and the benefitofthe 
present disclosure, during the production mode of operation, an internal tubular 
string with various arrangements of packers, perforated tubing, sliding sleeves, and 
valves may be employed within the apparatus to provide various options for 
commingling and isolating subterranean zones from each other while providing a 

fluid path to the surface. 

Inaparticularlypreferred embodiment, the intermediate casing 3350 is placed 
into the wellbore 3305 by expanding the intermediate casing 3350 in the radial 
direction into intimate contact with the interior walls of the wellbore 3305. The 
intermediate casing 3350 may be expanded in the radial direction using any number 
of conventional commercially available methods. 

In an alternative embodiment, one or more of the intermediate solid casings 
3350 may be omitted. In an alternative preferred embodiment, one or more of the 
slotted casings 3345 are provided with one or more seals 3340. 

The shoe 3355 provides a support member for the apparatus 3330. In this 
manner, various production and exploration tools may be supported by the show 
3350. The shoe 3350 may comprise any number of conventional commercially 
available shoes suitable for use in a wellbore such as, for example, cement filled shoe, 
or an aluminum or composite shoe. In a preferred embodiment, the shoe 3350 
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cornprtasanaluminumshoeavaitablefromHalliburton.Inapreferredembod.ment, 
the shoe 3355 is selected to provide sufficient strength to compression and tenston to 
permit the use of high capacity production and exploration tools. 
' In a particularly preferred embodiment, the apparatus 3330 includes a 
5 ptarality of solid casings 3335, a plurality of seals 3340, a plurality of slotted oasmgs 
3345 apluralityoftotermediateso.idca S tog S 3350,anda S hoe3355. Moregenerally, 
the apparatus 3330 may comprise one or more solid casings 3335, each with one or 
more valve members 3360, n slotted casings 3345, n-1 intermediate solid oasmgs 
3350, each with one or more valve members 3370, and a shoe 3355. 
10 During operation of the apparatus 3330, oil and gas may be controllably 

produced from the targeted oil sand zone 3325 using the slotted casings 3345. The 
oil and gas may then be transported to a surface location using the solid casmg 3335. 
Theuseof intermediate solid casings 3350 with valve members 3370 permits isolated 
sections of the zone 3325 to be selectively isolated for production. The seals 3340 
15 permit the zone 3325 to be fluidicly iso!ated from the zone 3320. The seals 3340 
tother permits isolated sections of the zone 3325 to be fluidicly isolated from each 
other. In this manner, the apparatus 3330 permits unwanted and/or non-producttve 
subterranean zones to be fluidicly isolated. 

In an alternative embodiment, as will be recognized by persons havtng 
• 20 ordinary skill in the art and also having the benefit of the present disclosure, dunng 
' ' the production mode of operation, an internal tubular string with various 
arrangements of packers, perforatsd tubing, sliding sleeves, and valves may be 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones from each other whde providing a fluid path to the 

■ 

•25 surface. 

Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an apparatus 
3500 for forming a wellbore casing while drilling a wellbore will now be descnbed. 
: In a preferred embodiment, the apparatus 3500 includes a support member 3505, a 

mandrel 3510, amandrel launcher 35 15, a shoe 3520, a tubular member 352 5, a mud 
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. 3530 . drffl bit 3535, a first fluid passage 3540, a second fluid passage 3545 
, k w <«65 seals 3570, and a releasable coupling 3600. 

lubricant d&bo, seaibOJ< , The support 

u quo* i« rmiDled to the mandrel doiu. me s 
The support member 3505 is coupieu 

wellbore. „ . i j 6S a f irs t fluid 

In a preferred embodiment, the support member 3505 includes a 

^ for — «. -~ rir^rxr: 

parage 3545. lu a preferred embodiment, the first ^ 
operating pressures and flow ratea rang>ng from about 0 to 10,00 p 

cant disclosure In a preferred embodiment, the manarei 
teachings of the present disclosure, map ^ 

eomprisesahydxaulic expansion t*-*^"™^*.,^^ 
eontentsofwhichareincorporatedhereinbyreference.modifiedin accord 

the teachings of the present disclosure. 
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In a preferred embodiment, the mandrel 3510 includes one or more conical 
sections for expanding the tubular member 3525 in the radial direction. In a 
preferred embodiment, the outer surfaces of the conical sections of the mandrel 3510 
have a surface hardness ranging from about 58 to 62 Rockwell C in order to optimally 
5 radially expand the tubular member 3525. 

In a preferred embodiment, the mandrel 3510 includes a second fluid passage 
3545 fluidicly coupled to the first fluid passage 3540 and the pressure chamber 3550 
for conveying fluidic materials from the first fluid passage 3540 to the pressure 
chamber 3550. In a preferred embodiment, the second fluid passage 3545 is adapted 
10 to convey fluidic materials such as water, drilling mud, cement, epoxy or slag mix at 
operating pressures and flow rates ranging from about 0 to 12,000 psi and 0 to 3,500 
gallons/minute in order to optimally provide operating pressure for efficient 
operation. 

The mandrel launcher 3515 is coupled to the tubular member 3525, the 
15 mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably comprises 
a tapered annular member that mates with at a portion of at least one of the conical 
portions of the outer surface of the mandrel 3510. In a preferred embodiment, the 
: * * ' * wall thickness of the mandrel launcher is less than the wall thickness of the tubular 

.1 # member 3525 in order to facilitate the initiation of the radial expansion process and 

* • • • • 

20 facilitate the placement of the apparatus in openings having tight clearances. In a 
preferred embodiment, the wall thickness of the mandrel launcher 3515 ranges from 
•I!!!* about 50 to 100 % of the wall thickness of the tubular member 3525 immediately 

adjacent to the mandrel launcher 3515 in order to optimally faciliate the radial 
m [ M \ expansion process and facilitate the insertion of the apparatus 3500 into wellbore 

25 casings and other areas with tight clearances. 

!*•**: The mandrel launcher 3515 may be fabricated from any number of 

• • • 

conventional commercially available materials such as, for example, oilfield country 
tubular goods, low alloy steel, carbon steel or stainless steel. In a preferred 
embodiment, the mandrel launcher 3515 is fabricated from oilfield country tubular 
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d s of higher strength by lower wail thickness than the tubnlar member 3525 in 
itlXCp^elsnraner— „PP—,y the same burst 

-t":r^" -re, .uncher 3515 and the — 
,• „<,G00 Thcs hoe3520preferablycomprisesasubstantiaUyannmar m e m ber. 

^ W 85»f^^»^«^" 8BM -' d,h,m,,i 

^ Th! shoe 3520 may comprise any number of convent, nai commercing 
^eshoessuchas.fore.anrpie.cenrentf.ea.ai— «— £E 
in accordance with the teachings of the present closure. In a preferred 

, , The shoe 3520 is preferably conpled to the mnd motor 3520 by 

i and drUi nit 3535 upon the compietion of a drMing and casmg opera* n. 

1 a preferred embodiment, the shoe 3520 inCudes a — e fc*h 

upon the compietion of the driUing and casing format™ ope»Uon. ^ 

releasably coupled to the shoe 3520. 

Ja tubmar member 3525 is supported h, and coup.ed to the 

!ldre,3510. The tubuiar memher 35,5 may be fabricated from 
eo^tionatoommerciany— — 

piastic tubing/casing. In a preferred embodiment, the tubuiar member 3525 
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fabricated from OCTG in order to maximize strength after expansion. The inner and 
outer diameters of the tubular member 3525 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
embodiment, the inner and outer diameters of the tubular member 3525 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
minimal telescoping effect in the most commonly drilled wellbore sizes. The tubular 
member 3525 preferably comprises an annular member with solid walls. 

In apreferred embodiment, the upper end portion 3580 of the tubular member 
3525 is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
3510 when the mandrel 3510 completes the extrusion of tubular member 3525. For 
typical tubular member 3525 materials, the length of the tubular member 3525 is 
preferably limited to between about 40 to 20,000 feet in length. The tubular member 
3525 may comprise a single tubular member or, alternatively, a plurality of tubular 
members coupled to one another. 

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. The 
mud motor 3530 is also fluidicly coupled to the fluid passage 3555. In a preferred 
embodiment, the mud motor 3530 is driven by fluidic materials such as, for example, 
drilling mud, water, cement, epoxy, lubricants or slag mix conveyed from the fluid 
passage 3555 to the mud motor 3530. In this manner, the mud motor 3530 drives the 
drill bit 3535. The operating pressures and flow rates for operating mud motor 3530 
may range, for example, from about 0 to 12,000 psi and 0 to 10,000 gallons/minute. 
Inapreferredembodiment,theoperatingpressuresandflowratesforoperatmgmud 

motor 3530 range from about 0 to 5,000 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional commercially 
available mud motors, modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the size of the mud motor 3520 and drill bit 
3535 are selected to pass through the interior of the shoe 3520 and the expanded 
tubular member 3525. In this manner, the mud motor 3520 and drill bit 3535 may 
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be retrieved from the downhole location upon the conclusion of the drilling and 

casing operations. m 
The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 >s 
preferably adapted to be powered by the mud motor 3530. In this manner, the dnll 
bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any number of conventional commeretally 
available drill bits, modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the sise of the mud motor 3520 and dnll tat 
3535 are selected to pass through the interior of the shoe 3520 and the expanded 
tubular member 3525. In this manner, the mud motor 3520 and drill bit 3535 may 
be retrieved from the downhole location upon the conclusion of the drilling and 
casing operations. In several alternative preferred embodiments, the drffl bit 3535 
comprises an eccentric drill bit, a bi-centered drffl bit, or a small diameter dnll b.t 
with an hydraulically actuated under reamer. 

The tat fluid passage 3540 permits fluidic materials to be transported to the 
second fluid passage 3545, the pressure chamber 3550, the third fluid passage 3555 
and the mud motor 3530. The first fluid passage 3540 is coupled to and pomfoned 
within the support member 3505. The fust fluid passage 3540 preferably extends 
from a position adjacent to the surface to the second fluid passage 3545 within the 
m andrel35 1 0.Theflrstfluidpassage3540i S preferabl,positionedalon g ace n terhne 

of the apparatus 3500. 

The second fluid passage 3545 permits fluidic materials to be conveyed from 
the flrst fluid passage 3540 to the pressure chamber 3550, the third fluid passage 
3555, and the mud motor 3530. The second fluid passage 3545 is coupled to and 
positioned within the mandrel 3510. The second fluid passage 3545 preferably 
extends from a position adjacent to the first fluid passage 3540 to the bottom of the 
m a„drel 3510. The second fluid passage 3545 is preferably positioned substantially 
along the centerline of the apparatus 3500. 
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In a preferred embodiment, a quantity of lubricant 3565 is provided in the 
annular region above the mandrel 3510 within the interior of the tubular member 
3525. In this manner, the extrusion of the tubular member 3525 off of the mandrel 
3510 is facilitated. The lubricant 3565 may comprise any number of conventional 
5 commercially available lubricants such as, for example, Lubriplate, chlorine based 
lubricants, oil based lubricants or Climax 1500 Antisieze (3100). In a preferred 
embodiment, the lubricant 3565 comprises Climax 1500 Antisieze (3100) available 
from Climax Lubricants and Equipment Co. in Houston, TX in order to optimally 
provide optimum lubrication to faciliate the expansion process. 

10 The seals 3570 are coupled to and supported by the end portion 3580 of the 

tubular member 3525. The seals 3570 are further positioned on an outer surface of 
the end portion 3580 of the tubular member 3525. The seals 3570 permit the 
overlapping joint between the lower end portion 3585 of a preexisting section of 
casing 3590 and the end portion 3580 of the tubular member 3525 to be fluidicly 

15 sealed. The seals 3570 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon, or epoxy seals modified in 
accordance with the teachings of the present disclosure. In a preferred embodiment, 
the seals 3570 are molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide a load bearing interference fit 

20 between the end 3580 of the tubular member 3525 and the end 3585 of the pre- 
existing casing 3590. 

In a preferred embodiment, the seals 3570 are selected to optimally provide a 
sufficient frictional force to support the expanded tubular member 3525 from the pre- 
existing casing 3590. In a preferred embodiment, the frictional force optimally 

25 provided by the seals 3570 ranges from about 1,000 to 1,000,000 lbf in order to 
optimally support the expanded tubular member 3525. 

The releasable coupling 3600 is preferably releasably coupled to the bottom of 
the shoe 3520. In a preferred embodiment, the releasable coupling 3600 includes 
fluidic seals for sealing the interface between the releasable coupling 3600 and the 
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shoe 3520. In this manner, the pressure chamber 3550 may be pressurized. The 
releasable coupling 3600 may comprise any number of conventional commercially 
available releasable couplings suitable for drilling operations modified in accordance 
with the teachings of the present disclosure. 

As illustrated in Figure 22A, during operation of the apparatus 3500, the 
apparatus 3500 is preferably initially positioned within a preexisting section of a 
wellbore 3575 including a preexisting section of wellbore casing 3590. In a preferred 
embodiment, the upper end portion 3580 of the tubular member 3525 is positioned 
in an overlapping relationship with the lower end 3585 of the preexisting section of 
casing 3590. In a preferred embodiment, the apparatus 3500 is initially positioned 
in the wellbore 3575 with the drill bit 353 in contact with the bottom of the wellbore 
3575. During the initial placement of the apparatus 3500 in the wellbore 3575, the 
tubular member 3525 is preferably supported by the mandrel 3510. 

As illustrated in Figure 22B, a fluidic material 3595 is then pumped into the 
first fluid passage 3540. The fluidic material 3595 is preferably conveyed from the 
first fluid passage 3540 to the second fluid passage 3545, the pressure chamber 3550, 
the third fluid passage 3555 and the inlet to the mud motor 3530. The fluidic 
material 3595 may comprise any number of conventional commercially available 
fluidic materials such as, for example, drilling mud, water, cement, epoxy or slag mix. 
The fluidic material 3595 may be pumped into the first fluid passage 3540 at 
operating pressures and flow rates ranging, for example, from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The fluidic material 3595 will enter the inlet for the mud motor 3530 and drive 
the mud motor 3530. The fluidic material 3595 will then exit the mud motor 3530 
and enter the annular region surrounding the apparatus 3500 within the wellbore 
3575. The mud motor 3530 will in turn drive thedrillbit 3535. The operation of the 
drill bit 3535 will drill out a new section of the wellbore 3575. 

In the case where the fluidic material 3595 comprises a hardenable fluidic 
material, the fluidic material 3595 preferably is permitted to cure and form an outer 
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annular body surrounding the periphery of the expanded tubular member 3525. 
Alternatively.inthecasewhere the fluidic material 3595 is a non-hardenable fhndic 
material the tubular member 3595 preferably is expanded into intimate contact wxth 
the interior walls of the wellbore 3575. In this manner, an outer annular body is not 

provided in all applications. 

As illustrated in Figure 22C, at some point during operation of the mud motor 
3530 and drill bit 3535, the pressure drop across the mud motor 3530 will create 
sufficientbackpressuretocausetheoperatingpressure within the pressure chamber 
3550 to elevate to the pressure necessary to extrude the tubular member 3525 off of 
the mandrel 3510. The elevation of the operating pressure within the pressure 
chamber 3550 will then cause the tubular member 3525 to extrude off of the mandrel 
3510as illustrated in Figure 22D. For typical tubular members 3525, the necessary 
operating pressure may range, for example, from about 1,000 to 9,000 psi. In this 
manner, a wellbore casing is formed simultaneous with the drilling out of a new 
section of wellbore. 

Inaparticularly preferred embodiment,duringtheoperati.noftheappar a tu S 
3500 the apparatus 3500 is lowered into the wellbore 3575 until the drill bit 3535 » 
proximate the bottom of the wellbore 3575. Throughout this process, the tubular 
member 3525 is preferably supported by the mandrel 3510. The apparatus 3500 > 
then lowered until the drill bit 3535 is placed in contact with the bottom of the 
wellbore 3575. At this point, at least a portion of the weight of the tubular member 
3525 is supported by the drill bit 3535. 

The fluidic material 3595 is then pumped into the first fluid passage 3540, 
second fluid passage 3545, pressure chamber 3550, third fluid passage 3555, and the 
inlet of the mud motor 3530. The mud motor 3530 then drives the drill bit 3535 to 
drill outanewsectionofthewellbore3575. Once the differential pressure across the 
mud motor 3530 exceeds the minimum extrusion pressure for the tubular member 
3525 the tubular member 3525 begins to extrude off of the mandrel 3510. Asthe 
tubular member 3525 is extruded off of the mandrel 3510, the weight of the extruded 
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portion of the tnbnlar member 3525 is transferred to and supported by the dnll btt 
3535 In a preferred embodiment, the pumping pressure of the fluidic material 3595 
is maintained substantially constant throughout this process. At some point dunng 
the process of extruding the tubular member 3525 off of the mandrel 3510, a 
sufflcientportionoftheweightofthetubularmember 3525 is transferred to the dnll 

bit 3535 to stop the extrusion process due to the opposing force. Continued drdhng 
by the drill bit 3535 eventually transfers a sufficient portion of the weight of the 
extruded portion of the tubular member 3525 back to the mandrel 3510. At tins 
point, the extrusion of the tubular member 3525 off of the mandrel 35!0 continues. 
In this manner, the support member 3505 never has to be moved and no dnllp.pe 
conaections have to be made at the surface since the new section of the wellbore 
casing within the newly drilled section of wellbore is created by the constant 
downward feeding of the expanded tubular member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined with the fully expanded tubular 
m ember3525iscomp.eted,thesupportmember3505andmandrel3510areremoved 

from the wellbore 3575. The drilling assembly including the mud motor 3530 and 
drill bit 3535 are then preferably removed by lowering a drilUtring into the new 
section of wellbore casing and retrieving the drilling assembly by using the latch 
3600 The expanded tubular member 3525 is then cemented using conventual 
stpmeze cementing methods to provide a soUd annular sealing member around the 
periphery of the expanded tubular member 3525. 

Alternatively, the apparatus 3500 may be used to repair or form an 
undergroundpipeUneorfomasu P P, rt memberforastmcture.Inseveral P re fe rred 

alternativeembodiments,theteachmgsofthoappara taS 3500areeombinedw,thtta 
teachings of the embodiments illustrated in Figures 1-21. For example, by operably 
coupling the mud motor 3530 and drill bit 3535 to the pressure chambers used to 
cause the radial expansion of the tubular members of the embodiments illustrated 
and described with reference to Figures 1-21, the use of plugs ma, be elimmated and 
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radial expansion o, tubular members can be coined with the drUIing out of new 

sections of weHbore. ^ for 

Referring now to FIGS. ZoA, &oo aim 
atubniaxmemb.rwiUhedescnbed.Inapreferreden^unent.theapparatnsSTOO 

5 mciuae&aauHF cp C ond fluid conduit 

fluid passage 3720, fluid inlets 3725, an annular seal 3 0, second 
3735 a fluid passage 3740, a mandrel 3745, a mandrel launcher 3750, a tubutar 
Jelr3755,slips3760,andseaU3765.Inap re ferredembodiment,theappara^ 

T,00 U used to radially expand the tubular member 3755. In th,s manner «. 
l0 a ra tu S 3700ma y beu S edtoformawe„borecasing,,ineaweUborecas m ,f™ 

• ,• f„™> structural support member, or repair a wellbore 
a pipeline, hue a p.pelme, form a structure PP embodiment , the 

casing Pipeline or structural support member. In a preterreo 
Zaretuss-Oisused to dad at, east a portion of the tubular member 3755 ontoa 

preexisting tubular member. o 71ftfl ndthe 
The support member 3705 is preferably coupled to the packer 3710 »d the 

mandrel launlr 3750. The support member 3,05 preferably eompnses a tub tar 
i liter fabricated from any number of conventional commerce!., avatlab 

: atee, or stainless steel. The support member 3705 is preferably selected to fi 

• 20 Z^r^^^^^—^^T t 
inrouguap •„„ 077ft in a Dreferred embodiment, 

3700maybepo S itionedwithintheweUborecasmg3770.Inapef 

: - t hesup P ortmember3705 i sreleasablyeoupledtothemandrell»uncher3750.Inth lS 

' IX he support member 3705 may be decoupled from the mandrel launcher 

•= 3750 upon the completion of an extrusion operatton. 

\ 6 The pacher 37!0 is coupled * the support member 3705 and the first flmd 

, conduit3 71 , Thepac k er3, 1 0preferablypre,desafluidsealbet W eent— 

, 8ttrf ace of the first fluid conduit 37!5 and the inside surface of the 

the support member 3705, first fluid conduit 3715, second fiutd condutt 3735, 
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, ^ v The packer 3710 may comprise any 

a oiT7d^ defines an annular chamber 3775. ine packer 

Dref erably comprises an annular member 
oTQft TVip first fluid conduit 3715 preieraury t> 

■ <•„,. of the first fluid conduit 3715 and the intenor surface of the second 
intenor surface of the first flu to ^ 

fluid conduit 3735. The annular flmd passage 72 p 
fl^ctnaterialssuchaac.nrent.^r.epox,,!— ^ ^u. P 

pressures and flow rates ranging frem about 0 to 9,000 pst and 
^lons/nunute in order to opting provide .person* 

3715 The fluid inlets 3725 preferably are adapted to convey 

!I water epoxy, Inhrieants, and slag mix a, operating pressures and flew 

"JZZ £ ~ 0 to 0,000 pst and 0 to 3,000 gallon— in order to 
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p*p* seaU or metal spring energized seato. In a preferred embodiment, the 
annular seal 3730 comprises a po.ypak seal available from Parker Seals in order to 
optimally provide sealing for axial motion. 

The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second fluid conduit preferably comprises a tubular member 
fabricated from any number of conventions, commercial* available materials such 

steel or tow carbon steel, to a preferred embodiment, the second fluid condutt 3735 
is adapted to convey flnidic materials such as cement, water, epoxy, lubricants, and 
s.agmixatoperatingpresanres and flow rates ranging from about 0 to 9,000 ps, and 
0 to 3,000 gaUons/minute in order to optimally provide operational efficmncy. 

The fluid passage 3740 is coupled to the second fluid conduit 3735 and the 
mandrel 3745. In a preferred embodiment, the fluid passage 3740 is adapted to 
convey fluidic materials such as cement, water, epoxy, lubricants, and slag mm at 
operating pressures and flow rates ranging from about 0 to 9,000 ps, and 0 to 3,000 
gallons/minute in order to optimally provide operational efflaency. 

Themandrel3745iscoupledtethesecondflnidconduit3735andthemandrel 

touncher 3750. The mandrel 3745 preferably comprise an annular member havrng 
a conic section fabricated from any number of conventional commercially avadab 
materials such as, for example, carbon steel, tool steel, ceramics, or compos* 
materials. In a preferred embodiment, the angle of attack the conic sectron of he 
m andre. 3745 ranges from about 10 to 30 degrees in order to optimally expand the 
mandre! launcher 3750 and tubular member 3755 in the radial direction. In a 
pr eferredembodiment,thesurfacahardnessoftheconicsecUonofthemandre 3745 

ranges from about 50 Rockwefl C to 70 Rockwell C. In a particular* preferred 
embodiment, the surface hardness of the outer surface of the conic sectton of the 
n.andre! 3745 ranges from about 58 Rockwell C to 62 Rockwell C in order to 
optimally provide high yield strength. In an alternative embodiment, the mandrel 
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3745 is expandable in order to further optimally augment the radial expansion 
process. 

The mandrel launcher 3750 is coupled to the support member 3705, the 
mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 preferably 
comprise a tubular member having a variable cross-section and a reduced wall 
thickness in order to facilitate the radial expansion process. In a preferred 
embodiment, the cross- sectional area of the mandrel launcher 3750 at one end is 
adapted to mate with the mandrel 3745, and at the other end, the cross-sectional area 
of the mandrel launcher 3750 is adapted to match the cross-sectional area of the 
tubular member 3755. In a preferred embodiment, the wall thickness of the mandrel 
launcher 3750 ranges from about 50 to 100 % of the wall thickness of the tubular 
member 3755 in order to facilitate the initiation of the radial expansion process. 

The mandrel launcher 3750 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, low allow steel, stainless steel, or carbon steel. In a preferred 
embodiment, the mandrel launcher 3750 is fabricated from oilfield country tubular 
goods having higher strength but lower wall thickness than the tubular member 3755 
in order to optimally match the burst strength of the tubular member 3755. In a 
preferred embodiment, the mandrel launcher 3750 is removably coupled to the 
tubular member 3755. In this manner, the mandrel launcher 3750 may be removed 
from the wellbore 3780 upon the completion of an extrusion operation. 

The tubular member 3755 is coupled to the mandrel launcher, the slips 3760 
and the seals 3765. The tubular member 3755 preferably comprises a tubular 
member fabricated from any number of conventional commercially available 
materials such as, for example, low alloy steel, carbon steel, stainless steel, or oilfield 
country tubular goods. In a preferred embodiment, the tubular member 3755 is 
fabricated from oilfield country tubular goods. 

The slips 3760 are coupled to the outside surface of the tubular member 3755. 
The slips 3760 preferably are adapted to couple to the interior walls of a casing, 
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As illustrated in FIG. 23B, after placement of the apparatus 3700 .« an 
overtopping relationship with the weUhore casing 3770, a fluidic material 3785 - 
p re ferab.ypumpedintathechamber3775us i ng the fluid passage 3720 and the m.et 

passages S725. In a preferred embodiment, the fluidic materia, is pumped into the 
Iamber3775atoperat i „gpressaresandflowratesran gi ngfromabout0.o9,000ps 1 

and 0 to 3,000 gallons/minute in order to optimally provide operational efflaency. 
Thepumpedfluidicma te ml3785increasetheoperatingpresanrewithtothechanrber 

3,75Theinereasedoperatin g pressureinthechamber3775thencausesthemandrel 

3745to e xtrudethemandrallauncher3750 and tubular member 3755 offofthe face 

of the mandre. 3745. The extrusion of the mandrel ,auncher 3750 and tub-tar 
member 3755 off of the face of the mandrel 3745 causes the mandre! tauncher 3750 
and tubular member 3755 to expand in the radial direction. Continued pumpmg of 
the fluidic material 3785 preferably causes the entire length of the tubular member 
3755 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluuhc 
m atorial 3785 is reduced during the latter stages of the extrurion process in order to 

minimize shock to the apparatus 3700. In a preferred embodiment, the apparatus 
3700 includes shock absorbers for absorbing the shock caused by the complete of 

the extrusion process. 

In a preferred embodiment, the extrusion process causes the mandrel 3745 to 

ntove to an axial direction 3785. During the axial movement of the mandrel m a 
p r eferredembodimenMhefluidpas S age3740conveysflu i dicmateri.l3790d,sptaced 

by the moving mandre. 3745 out of the wellbore 3780. In this manner, the 
operational efficiency and speed of the extrusion process is enhanced. 

to a preferred embodiment, the extrusion process includes the inject™ of a 
hardenable fluidic material into the annular region between the tubular member 
3755 and the bore hole 3780. In this manner, a hardened sealing layer is proved 
between the expanded tabular member 3755 and the interior walls of the weUhore 
3780. 
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As illustrated in FIG. 23C, in a preferred embodiment, upon the completion 
o, the extrusta process, the support member 3,05. packer 37.0, first fluid conduit 
3,15, annular sea, 3,30, second fluid conduit 3,35, mandrel 3,45, and mandre. 
launcher 3,50 are moved from the wellbore 3,80. 

,„ an alternative embodiment, the apparatus 3,00 is used to repa,r a 

preexistmg weUbore casing, pipeline, or struetura, support. In °~ 
em b „d ta ent,bothendso,thetubularmember3,55preferab,y,ncludeah PS 3,60a„d 

^ Tan alternative embodiment, the apparatus 3,00 is used to form a tubular 
structural support for a building or offshore structure. 

Referring now to FIGS. 24A, 24B, 24C, 24D, and 24E, an apparatus 3900 for 
expanding a tubuiar member will be described. In a preferred embodiment, the 

39ia,anrsi v Dreferr ec, embodiment, the apparatus 

3940, and a second fluid passage 3945. In a preferred 

390O iS usedtaradiall y ex P andthemandre,launcher39 1 0andtubu,ar member 92, 
,» this manner, the apparatus 3900 may be used to form a weUbore casing hue a 

. repair a vellbore casing, pipeline or structure, support mem e, In ^ 
embodiment, the apparatus 3900 is used to dad at .east a portmn of the tnbuh, 
member 3925 onto a preexisting structural member. 

Thes „pp 0 rtmember3905ispreferab.ycoup.ed to themandre,.auneher39.0. 

The support member 3905 preferab,, comprises a mbmar member fabricated from 
a ny number of conventlona, commercial available mataria, such as, for — 
„„L,d country tubu,ar goods, ,ow aUoy atee,, carbon atee,, or stamless ^ Th 
sup portmember3905,themandre,,auncher39 1 0,thetubu,a r member3925,an«he 

shoe 3940 are preferably selected to fit through a preexisting ~™ 

easing 3950. In this manner, the apparatus 3900 may be P-"- 

weUbore casing 39,0. In a preferred embodiment, the support member 3905 , 
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releasably coupled to the mandrel launcher 3910. In this manner, the support 
member 3905 maybe decoupled from the mandrel launcher 3910 upon the completion 
of an extrusion operation. 

The mandrel launcher 3910 is coupled to the support member 3905 and the 
tubular member 3925. The mandrel launcher 3910 preferably comprise a tubular 
member having a variable cross-section and a reduced wall thickness in order to 
facilitate the radial expansion process. In a preferred embodiment, the cross-sectional 
area of the mandrel launcher 3910 at one end is adapted to mate with the mandrel 
3915, and at the other end, the cross-sectional area of the mandrel launcher 3910 is 
adapted to match the cross-sectional area of the tubular member 3925. In a preferred 
embodiment, the wall thickness of the mandrel launcher 3910 ranges from about 50 
to 100 % of the wall thickness of the tubular member 3925 in order to facilitate the 
initiation of the radial expansion process. 

The mandrel launcher 3910 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, low allow steel, stainless steel, or carbon steel. In a preferred 
embodiment, the mandrel launcher 3910 is fabricated from oilfield country tubular 
goods having higher strength but lower wall thickness than the tubular member 3925 
in order to optimally match the burst strength of the tubular member 3925. In a 
preferred embodiment, the mandrel launcher 3910 is removably coupled to the 
tubular member 3925. In this manner, the mandrel launcher 3910 may be removed 
from the wellbore 3960 upon the completion of an extrusion operation. 

The mandrel 3915 is coupled to the mandrel launcher 3910. The mandrel 3915 
preferably comprise an annular member having a conic section fabricated from any 
number of conventional commercially available materials such as, for example, tool 
steel, carbon steel, ceramics, or composite materials. In a preferred embodiment, the 
angle of attack of the conic section of the mandrel 3915 ranges from about 10 to 30 
degrees in order to optimally expand the mandrel launcher 3910 and the tubular 
member 3925 in the radial direction. In a preferred embodiment, the surface 
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hardness of the conic section of the mandrel 3915 ranges from about 58 to 62 
Rockwell C in order to optimally provide high strength and resist wear and galling. 
In an alternative embodiment, the mandrel 3915 is expandable in order to further 
optimally augment the radial expansion process. 

The fluid passage 3920 is positioned within the mandrel 3915. The fluid 
passage 3920 is preferably adapted to convey fluidic materials such as cement, water, 
epoxy, lubricants, and slag mix at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
operational efficiency. The fluid passage 3920 preferably includes an inlet 3965 
adapted to receive a plug, or other similar device. In this manner, the interior 
chamber 3970 above the mandrel 3915 may be fluidicly isolated from the interior 
chamber 3975 below the mandrel 3915. 

The tubular member 3925 is coupled to the mandrel launcher 3910, the slips 
3930 and the seals 3935. The tubular member 3925 preferably comprises a tubular 
member fabricated from any number of conventional commercially available 
materials such as, for example, low alloy steel, carbon steel, stainless steel, or oilfield 
country tubular goods. In a preferred embodiment, the tubular member 3925 is 
fabricated from oilfield country tubular goods. 

The slips 3930 are coupled to the outside surface of the tubular member 3925. 
The slips 3930 preferably are adapted to couple to the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 3925. 
In this manner, the slips 3930 provide structural support for the expanded tubular 
member 3925. The slips 3930 may comprise any number of conventional 
commercially available slips, modified in accordance with the teachings of the present 
disclosure. 

The seals 3935 are coupled to the outside surface of the tubular member 3925. 
The seals 3935 preferably provide a fluidic seal between the outside surface of the 
expanded tubular member 3925 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 3925. In this manner, the 
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In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 3990 is reduced during the latter stages of the extrusion process in order to 
minimize shock to the apparatus 3900. In a preferred embodiment, the apparatus 
3900 includes shock absorbers for absorbing the shock caused by the completion of 
the extrusion process. In a preferred embodiment, the extrusion process causes the 
mandrel 3915 to move in an axial direction 3995. 

As illustrated in FIG. 24E, in a preferred embodiment, upon the completion 
of the extrusion process, the support member 3905, packer 3910, first fluid conduit 
3915, annular seal 3930, second fluid conduit 3935, mandrel 3945, and mandrel 
launcher 3950 are removed from the wellbore 3980. In a preferred embodiment, the 
resulting new section of wellbore casing includes the preexisting wellbore casing 
3975, the expanded tubular member 3925, the slips 3930, the seals 3935, the shoe 
3940, and an outer annular layer 4000 of hardened fluidic material. 

In an alternative embodiment, the apparatus 3900 is used to repair a 
preexisting wellbore casing or pipeline. In this alternative embodiment, both ends 
of the tubular member 3955 preferably include slips 3960 and seals 3965. 

In an alternative embodiment, the apparatus 3900 is used to form a tubular 
structural support for a building or offshore structure. 

Referring to FIGS. 25 and 26, the optimal relationship between the angle of 
attack of an expansion mandrel and the minimally required propagation pressure 
during the expansion of a tubular member will now be described. As illustrated in 
FIG. 25, during the radial expansion of a tubular member 4100 by an expansion 
mandrel 4105, the expansion mandrel 4105 is displaced in the axial direction. The 
angle of attack a of the conical surface 4110 of the expansion mandrel 4105 directly 
affects the required propagation pressure P PR necessary to radially expand the tubular 
member 4100. Referring to FIG. 26, for typical grades of materials and typical 
geometries, the propagation pressure P PR is minimized for an angle of attack of 
approximately 25 degrees. Furthermore, the optimal range of the angle of attack a 
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4310 during and upon the completion of the radial expansion process is minimized. 

The O-ring 4325 is supported by the O-ring groove 4320. The O-ring 4325 
optimally ensures that a fluid-tight seal is maintained between the first tubular 
member 4305 and the second tubular member 4310 throughout and upon the 
completion of the radial expansion process. 

Referring to FIG. 28, an alternative embodiment of an expandable threaded 
connection 4500 will now be described. The expandable threaded connection 4500 
includes a first tubular member 4505, a second tubular member 4510, a threaded 
connection 4515, an O-ring groove 4520, and an O-ring 4525. 

The first tubular member 4505 includes an inside wall 4530 and an outside 
wall 4535. The first tubular member 4305 preferably comprises an annular member 
having a substantially constant wall thickness. The second tubular member 
4510 includes an inside wall 4540 and an outside wall 4545. The second tubular 
member 4510 preferably comprises an annular member having a substantially 
constant wall thickness. 

The first and second tubular members, 4505 and 4510, may comprise any 
number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst strength 
of the tubular members, 4505 and 4510, are substantially equal. This minimizes the 
possibility of a catastrophic failure during the radial expansion process. 

The threaded connection 4515 may comprise any number of conventional 
threaded connections suitable for use with tubular members. In a preferred 
embodiment, the threaded connection 4515 comprises a pin-and-box threaded 
connection. In this manner, the assembly of the first tubular member 4505 to the 
second tubular member 4510 is optimized. 

The O-ring groove 4520 is preferably provided in the threaded portion of the 
interior wall 4540 of the second tubular member 4510 immediately adjacent to an end 
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H and support one or more O-rings. The vohunetric s,e of the 0-nng groove 

It the axia direction during the radial expansion process. In «us — r, 

uponU—ion ^^t:^" T heO. I ing4525 

The O-ring 4525 is supported by the O-ring groove 
opting ensures that a fluid-tight sea, is maintained between the first tubu* 
mlber 4505 and the second tubular member 45t0 throughout end upon the 
completion of the radial expansion process. 

herring to FIG. 29, an alternative em— ofan expandable three * 
connection 4,00 will now he dcribed. The expandable threaded connect, ^ 
mc ,udes a first tubu.ar member 4705, a second tubular member 4710, a threaded 

^ The first tubular member 4,05 indudes an inside wall 4735 and an outside 
wan47 4 0 .Thefirsttubular m ember4705 preferably comprises an annular memb 

. n.wwss The second tubular member 
having a substantially constant wall Unckness. T 
4710 includes an inside wall 4745 and an outa.de wall 4750. The secon 
Zber 4710 preferably comprises an annular member having a substanttafiy 

^"cond tubular members, 4705 and 4,!0, may compri, any 

number of conventional commercially available member, In a prefernrf 

ZLitnen, the inside and outside diameters of the first and secon 
m ember S ,4705and4710,aresuhstanUallye q ual.In U .ismanner,theburstatren^h 

possibility of a catastrophic failure during the radial expansion process. 



-249- 



Attorney Docket No. 25791. 



The threaded — 4715 «, comprise an y number of — ^ 

connection. In this manner, the assemoiv u 
«eeond tubular member 4710 isoptimited. 

tL O-ring groove 4720 is P— provided in tbe threaded portton of th 

bv the O-rings, 4725 and 4730, is optimized. The O ring gr 

by tne w r s , volumetric size of the O- 

adapted to receive and support a plurality of O-nngs. 

Iler 47.0 during and upon the eemp.etion of the radio, .pension process , 
" O-rings, 4725 and 4730, a K supported b y the O-ring groove 472. The 
Iln the first tubuiar member 4,05 and the second 

20 theuseotapairofadjacentO-nngsprovdesredundancyin 

u ^ns onrl the second tubular member 471U. 
'"17:^0-— veemhodimentofan.pandabie threaded 

indu des a first tubuiar member 49,5, a second tubuiar member 4910 a u« 
25 connect^^.afirstO-ringgroove 4920, a s«ond O-ring grove 4925, a first O 

having a substantially constant wall thickness. The second 



-250- 



Attorney Docket No. 2579117 



.5 



20 



• , „ a „ ins ide wall 4950 and an outside wall 4955. The second tubular 
4910 includes an mside wall **> substantially 
mem ber 49!0 preferably comprises an annular member havmg 

c °r::: a^cond — « «. - - 7 — ^ 

nun ber or con— 1 con—, — tubuh, memo. 

emb odiment, the inside and outside d— of « 
member,4905and49 1 0,aresub S tantmU 7 e^.ln^nne r^ 

„fthetubularmembers,4905and4910,aresubstant 1 allye,ual. 

.rz^r—- 

threaded connections suitable for use wi oin . and . b ox threaded 

— ^ ^ 4910 ^r'riably provided in the threaded portion of 
tv, 0 first- O-rine groove 4920 is preierauiy h 1 

The lirst u ring & mn . h t is se narated from an 

n AQ*n nf the second tubular member 4910 that is separ* 
theinterior W all4950ofthesecon n this manner , the sealing effect 

end portion of the threaded connection 4915 this ; ^ 

of the first 0-rin g groove 4920 is preferably selected * 
e.paudatleastapproximate 

proc ess.lnthis m anner,deformationoftheoutersurface4 

Lmber 4910 during and upon the completion of the radial expansion 



.25 



minimiZed " 4 o 25 i s preferably provided in the threaded portion 

ThesecondO-rmggroove4925isprefe aoyp immedi ately 

n aqz(\ nf the second tubular member 4910 mat is 
of the intenor wah «" * conMcta 4915 . m this manner, the 

adjacent to an end po* nof » ^ ^ ^ ^ Q . 

sealing effect provided by the O-rings, w 

ri n gg roove4925ispreferabl y adaptedtereceiveand S u PI: ortonemoreO 



-251- 



Attorney Docket No. 25791.17 



volumetric size of the second O-ring groove 4925 is preferably selected to permit the 
O-ring 4935 to expand at least approximately 20% in the axial direction during the 
radial expansion process. In this manner, deformation of the outer surface 4955 of the 
second tubular member 4910 during and upon the completion of the radial expansion 
process is minimized. 

The O-rings, 4930 and 4935, are supported by the O-ring grooves, 4920 and 
4925. The use of a pair of O-rings, 4930 and 4935, that are axially separated 
optimally ensures that a fluid-tight seal is maintained between the first tubular 
member 4905 and the second tubular member 4910 throughout and upon the 
completion of the radial expansion process. In particular, the use of a pair of O-rings 
provides redundancy in the seal between the first tubular member 4905 and the 
second tubular member 4910. 

In a preferred embodiment, the expandable threaded connections 4300, 4500, 
4700, and/or 4900 are used in combination with one or more of the embodiments 
illustrated in FIGS. 1-24E in order to optimally expand a plurality of tubular 
members coupled end to end using the expandable threaded connections 4300, 4500, 
4700 and/or 4900. 

Referring to FIG. 31, the lubrication of the interface between an expansion 
mandrel and a tubular member during the radial expansion process will now be 
described. As illustrated in FIG. 31, during the radial expansion process, an 
expansion cone 5000 radially expands a tubular member 5005 by moving in an axial 
direction 5010 relative to the tubular member 5005. The interface between the outer 
surface 5010 of the tapered portion 5015 of the expansion cone 5000 and the inner 
surface 5020 of the tubular member 5005 includes a leading edge portion 5025 and 
a trailing edge portion 5030. 

During the radial expansion process, the leading edge portion 5025 is 
preferably lubricated by the presence of lubricating fluids provided ahead of the 
expansion cone 5000. However, because the radial clearance between the expansion 
cone 5000 and the tubular member 5005 in the trailing edge portion 5030 during the 
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radial expansion process is typicaUy extremely small, and the opening ^contac 
pressures between the tubular member 5005 and the expansion mandrel 5000 are 
extreme.yhigh.thequa.tityof.ubricntmgfluidprovidedtotheWhngedgeportmn 

5030 is typically greatly reduced. In typical radial expansion operations, tta. 
5 reduct to ninlubricationinthetramngedgeportion5030increases«heforcesre,uued 

to radiaUy expand the tubular member 5005. 

Referring to FIG. 32, an embodiment of a system for lubricating the mterface 
e.tweenanexpansionconeandatubular member during the expansion process w,!l 
now be described. As illustrated in FIG. 32, an expansion cone 5100, havng a front 
l0 end 5100a and a rear end 5100h, includes a tapered portion 5105 having an outer 
surface 3110, one or more circumferential grooves 5115a and 5115b, and one more 
internal flow passages 5120a and 5120b. 

,n a preferred embodiment, the circumferential grooves 5115 are fluuhcly 
coupled to the interna! flow passages 5120. In this manner, during the rad,al 

* 61 OOaoftheexpansioncone5100intothecirc«mferen to .grooves5115. Thus the 
" trailingedgeportionoftheinterfacehetweentheexpansionconeSlOOandatubuar 
I nrember is provided with an increased supp.y of lubricant, thereby reducmg the 
• ' amount of force reared to radially expand the tubular member. In a preferred 

20 embodiment, the lubricating fluids are injected into the internal flow passages 5120 

* using a fluid conduit that is coupled to the tapered end 5105 of the expansmn cone 
' 5100. Alternatively, hrbricating fluids are provided for the internal flow passages 
: 5120 using a supply of lubricating fluids provided adjacent to the front 5100a of the 

expansion cone 5100. 

25 In a preferred embodiment, the expansion cone 5100 includes a plurahty of 

I cir eumferentimgroove S 5115.lnapreferredembodimen t ,thecrosssectionmareaof 

* th e circumferential grooves 5115 range from about 2X!0 « in' to 5X10* m> ur order 
tooptimallyprovidelubricationtothetrailingedge portion ofthe interface between 
the expansion cone 5100 and a tubular member during the radial expansion process. 
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In a preferred embodiment, the expansion cone 5100 includes circumferential grooves 
5115 concentrated about the axial midpoint of the tapered portion 5105 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5100 and a tubular member during the radial expansion process. In 
a preferred embodiment, the circumferential grooves 5115 are equally spaced along 
the trailing edge portion of the expansion cone 5100 in order to optimally provide 
lubrication to the trailing edge portion of the interface between the expansion cone 
5100 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5100 includes a plurality of 
flow passages 5120 coupled to each of the circumferential grooves 5115. In a 
preferred embodiment, the cross-sectional area of the flow passages 5120 ranges from 
about 2X10 4 in 2 to 5X10 2 in 2 in order to optimally provide lubrication to the trailing 
edge portion of the interface between the expansion cone 5100 and a tubular member 
during the radial expansion process. In a preferred embodiment, the cross sectional 
area of the circumferential grooves 51 15 is greater than the cross sectional area of the 
flow passage 5120 in order to minimize resistance to fluid flow. 

Referring to FIG. 33, another embodiment of a system for lubricating the 
interface between an expansion cone and a tubular member during the expansion 
process will now be described. As illustrated in FIG. 33, an expansion cone 5200, 
having a front end 5200a and a rear end 5200b, includes a tapered portion 5205 
having an outer surface 5210, one or more circumferential grooves 5215a and 5215b, 
and one or more axial grooves 5220a and 5220b. 

In a preferred embodiment, the circumferential grooves 5215 are fluidicly 
coupled to the axial groves 5220. In this manner, during the radial expansion 
process, lubricating fluids are transmitted from the area ahead of the front 5200a of 
the expansion cone 5200 into the circumferential grooves 5215. Thus, the trailing 
edge portion of the interface between the expansion cone 5200 and a tubular member 
is provided with an increased supply of lubricant, thereby reducing the amount of 
force required to radially expand the tubular member. In a preferred embodiment, 



-254- 



Attorney Docket No. 25791.17 



0 



L5 



20 



25 



the axial grooves 5220 are provided with lubricating fluid using a supply of 
hthricating fluid positioned proxhnate the front end 5200a of the expansion cone 
5200 inapreferred embodiment, the circutnferentia. grooves 3215 a re eoncentrated 
about the axial midpoint of the tapered portion 5205 of the expansion cone 520 m 

order to optimally provide lubrication to the trailing edge portion of the mterface 
oet»eentheex P an S ioncone5200andatubu.armemberduringtheradia,expan,on 

peaces, In a preferred embodiment, the circumferentia! grooves 5215 are e,«aUy 
spaced along the trailing edge portion of the expansion cone 5200 m order to 
optimanyprovidelubrieattontothetrailingedgeportionoftheinterfacebetweenthe 

expansion cone 5200 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5200 includes a ptarahty o 
c i rcu m ferentialgTOOves5215.Inaprefer^embodiment,thec ro ss S ectionalarea^ 

the circumferential grooves 5215 range from about 2X10^ in' to 5X10* in* tn order 
tooptimallyprov.de lubrication to the traiUng edge portion of the interface between 
the expansionconeSZOOandatubularmemberduringtheradialexpanaion process 

,„ a preferred embodiment, the expansion cone 5200 includes a plurahty of 
ari a.grooves5220coup.edtoeachofthecircu m fe re nt i algronves5215.Inaprefe„ed 

embodiment, the cross sectional area of the axial grooves 5220 ranges ; from abo* 
2X10 < in' to 5X10 ' in' in order to optimally provide lubrication to the trathng edge 
portion of the interface between tbe expansion cone 5200 and a tubu.ar member 
duringtberadia.expansionprocess.lnapmfer^embomment.thecrosasect^ 

area oftheeimtnrfe re ntimgr M ves6215isgreatertha»theoross^nal m aofthe 
asial grooves 5220 in order to minimise resistance to fluid flow. In a preferred 
embodiment, the axial groves 5220 are spaced apart in the circumferential *rec*on 
by at least aboutSinches in order to optimally provide lubrication during the radtal 

expansion process. 

Boferring to FIG. 34, another embodiment of a system for lubncattng the 
interface between an expansion cone and a tubular member during the expansion 
process will now be described. As illustrated in FIG. 34, an expansion cone 5300, 
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interface between the expansion cone 5300 and a tubular member during the radial 
expansion process. 

In a preferred embodiment, the expansion cone 5300 includes a plurality of 
flow passages 5320 coupled to each of the circumferential grooves 5315. In a 
preferred embodiment, the flow passages 5320 fluidicly couple the front end 5300a 
and the rear end 5300b of the expansion cone 5300. In a preferred embodiment, the 
cross-sectional area of the flow passages 5320 ranges from about 2X10* 4 in 2 to 5X10" 2 
in 2 in order to optimally provide lubrication to the trailing edge portion of the 
interface between the expansion cone 5300 and a tubular member during the radial 
expansion process. In a preferred embodiment, the cross sectional area of the 
circumferential grooves 5315 is greater than the cross-sectional area of the flow 
passages 5320 in order to minimize resistance to fluid flow. 

Referring to FIG, 35, an embodiment of a system for lubricating the interface 
between an expansion cone and a tubular member during the expansion process will 
now be described. As illustrated in FIG. 35, an expansion cone 5400, having a front 
end 5400a and a rear end 5400b, includes a tapered portion 5405 having an outer 
surface 5410, one or more circumferential grooves 5415a and 5415b, and one or more 
axial grooves 5420a and 5420b. 

In a preferred embodiment, the circumferential grooves 5415 are fluidicly 
coupled to the axial grooves 5420. In this manner, during the radial expansion 
process, lubricating fluids are transmitted from the areas in front of the front 5400a 
and/or behind the rear 5400b of the expansion cone 5400 into the circumferential 
grooves 5415. Thus, the trailing edge portion of the interface between the expansion 
cone 5400 and a tubular member is provided with an increased supply of lubricant, 
thereby reducing the amount of force required to radially expand the tubular 
member. Furthermore, in a preferred embodiment, pressurized lubricating fluids 
pass from the fluid passages 5420 to the area in front of the front 5400a of the 
expansion cone 5400. In this manner, the area adjacent to the front 5400a of the 
expansion cone 5400 is cleaned of foreign materials. In a preferred embodiment, the 
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lubricating fluids are injected into the internal flow passages 5420 by pressurizing the 
area behind the rear 5400b expansion cone 5400 during the radial expansion process. 

In a preferred embodiment, the expansion cone 5400 includes a plurality of 
circumferential grooves 5415. In a preferred embodiment, the cross sectional area of 
5 the circumferential grooves 5415 range from about 2X10* 4 in 2 to 5X10" 2 in 2 in order 
to optimally provide lubrication to the trailing edge portion of the interface between 
the expansion cone 5400 and a tubular member during the radial expansion process. 
In a preferred embodiment, the expansion cone 5400 includes circumferential grooves 
5415 that are concentrated about the axial midpoint of the tapered portion 5405 in 

10 order to optimally provide lubrication to the trailing edge portion of the interface 
between the expansion cone 5400 and a tubular member during the radial expansion 
process. In a preferred embodiment, the circumferential grooves 5415 are equally 
spaced along the trailing edge portion of the expansion cone 5400 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 

15 expansion cone 5400 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5400 includes a plurality of 
axial grooves 5420 coupled to each of the circumferential grooves 5415. In a preferred 

• • • 

embodiment, the axial grooves 5420 fluidicly couple the front end and the rear end 
•.: of the expansion cone 5400. In a preferred embodiment, the cross sectional area of 

v • 20 the axial grooves 5420 range from about 2X10" 4 in 2 to 5X10' 2 in 2 , respectively, in order 

to optimally provide lubrication to the trailing edge portion of the interface between 
! I the expansion cone 5400 and a tubular member during the radial expansion process. 

In a preferred embodiment, the cross sectional area of the circumferential grooves 
••• 5415 is greater than the cross sectional area of the axial grooves 5420 in order to 

**• 25 minimize resistance to fluid flow. In a preferred embodiment, the axial grooves 5420 

are spaced apart in the circumferential direction by at least about 3 inches in order 
; to optimally provide lubrication during the radial expansion process. 

Referring to FIG. 36, another embodiment of a system for lubricating the 

interface between an expansion cone and a tubular member during the expansion 
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process will now be described. As illustrated in FIG. 36, an expansion cone 5500, 
having a front end 5500a and a rear end 5500b, includes a tapered portion 5505 
having an outer surface 5510, one or more circumferential grooves 5515a and 5515b, 
and one or more axial grooves 5520a and 5520b. 
5 In a preferred embodiment, the circumferential grooves 5515 are fluidicly 

coupled to the axial grooves 5520. In this manner, during the radial expansion 
process, lubricating fluids are transmitted from the area ahead of the front 5500a of 
the expansion cone 5500 into the circumferential grooves 5515. Thus, the trailing 
edge portion of the interface between the expansion cone 5500 and a tubular member 

10 is provided with an increased supply of lubricant, thereby reducing the amount of 
force required to radially expand the tubular member. In a preferred embodiment, 
the lubricating fluids are injected into the axial grooves 5520 using a fluid conduit 
that is coupled to the tapered end 3205 of the expansion cone 3200. 

In a preferred embodiment, the expansion cone 5500 includes a plurality of 

15 circumferential grooves 55 15. In a preferred embodiment, the cross sectional area of 
the circumferential grooves 5515 ranges from about 2X10" 4 in 2 to 5X10* 2 in 2 in order 
to optimally provide lubrication to the trailing edge portion of the interface between 
the expansion cone 5500 and a tubular member during the radial expansion process, 
j In a preferred embodiment, the expansion cone 5500 includes circumferential grooves 

• 20 5515 that are concentrated about the axial midpoint of the tapered portion 5505 in 
order to optimally provide lubrication to the trailing edge portion of the interface 
between the expansion cone 5500 and a tubular member during the radial expansion 
process. In a preferred embodiment, the circumferential grooves 5515 are equally 
spaced along the trailing edge portion of the expansion cone 5500 in order to 

25 optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5500 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5500 includes a plurality of 
axial grooves 5520 coupled to each of the circumferential grooves 5515. In a preferred 
embodiment, the axial grooves 5520 intersect each of the circumferential groves 5515 
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at an acute angle. In a preferred embodiment, the cross sectional area of the «d 
;„oves5520ran g esfroma to ut 2 X^in'to5X 1 0-M„.inordertoop,ma. ly prev, 

5500 and a tubular member during the radial expansion process, n a Pierre 
em „odiment, the cross sectional area ef the circumferenUal grooves 5515 - greater 

he axial grooves 5520 are spaced apart in the circumferential dire=t,on by a, least 
2Z 3 inla in order to optta* provide lubrication duringthe radml expand 

axis o, the expansion cone 5500 at a larger angle than the angle o, attack of th 
portion 5505 in orier to optimally provide lubrication dunng the radrnl 

eXPa "n^ FIG. 37, another embodiment of a system for lubricating the 
taterf ace between an expansion cone and a tubular member during the^on 
ill now be described. As illustrated in FIG. 37, an expansion cone 5600, 

- . rear a. — . « 

hiring an outer surface 5610, a spiral circumferential groove 5615, and one or more 

taKm r;:— m ^^^^^ 
to the interna, flov, passage 5620. In th, tnanner, during the r^ — . 

^videdwithanlnc^dsupplyoflubnca.tt.therebyreducmgthe^toffo^ 
quired to radiafly expand the tubular member. In a preferred embodunenV * 
bleating fluids are injected into the internal flow passage 5620 u,ng a flutd 
conduit that is coupled to the tapered end 5605 o, the expansion cone 560* 

b a preferred embodiment, the expansion cone 5600 includes a plurahty 
spiralcircumferentialgrooves 5615. Inapreferred embodiment, the crosssectmnal 
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, v. *?15 ranges from about 2X10 4 in 2 to 5X10 2 in 2 in 

ord er to optmrally prev.de ubr* mber during ^ ra dial expansion 

betweentheexpansmnconeSeOOandatuou 

T„ a oreferred embodiment, the expansion cone 
process. In a oncentrated about the axial midpoint of the 

circumferential grooves 5615 that are cone ^ 
tapered portion 5605 in order to optima,* prov.de 1— 

re nria, 

^ rlimall' provide lubrication to the trailing edge porrion of h 

rrrrrC: OT eone5e00and.tubtUa rm emberdur ta g t hera,al 

„„ ^ - eoup,ed to eaeh of the — 

— st: :£====£ 

— ===== 

=s==^«^^----- 

« «20 in order to minimize resistance to fluid flow, 
flow passage 5620 in order lo lubricating the 

„ * • „ 4- rt VTPx another embodiment ot a system iu 

having a front end 5700a and or mQre 

<-««o win a sDiral circumferential groove sua, <»iu 
5 having an outer surface 57 1U, a spiral 

axial grooves 5720a, 5720b and 5720c. vo * 7 i*isfluidicly coupled 

inapreferredembodiment.thec.cum— 
t0 t he axial grooves 5720. In this manner, during the .d ^ 
seating fluids are transmitted from the area ahead of the 
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*• f;«i ffrnnve 5715 Thus, the trailing edge 
expansion cone 5700 into the cu-cumferential groove 5 / 10. 

expansion tu tubular member is 

quired to radWlyeKpand the tubular member. In a preferred embod 

, • ■ ,^ in tn the axial wooves 5720 using a fluid conduit that 
lubricating fluids are injected into the axial grou 
iscou pledtothetaperedend5705oftheexpan S ioncone5700. 

\ a preferred embodiment, the expansion cone 5700 includes a plurah^f 

a ea„ ft hecircu I nferen U al g rooves5715rangefro m ahout2X 1 0 m »5X W«- 
order to optimally provide lubrication to the trailing edge portion of the .nterface 

.n a preferred 
circumferential grooves 5715 concentrated about the axial m p 

radial expansion process. In a preierreu c 

order to optimaUy provide lubrication to the trailing edge portion of the interface 
^I^-«»-•-----•- , «• , " d,,,,,, -" 
^In a preferred embodiment the expansion cone 5700 includes a pfurality of 

^ the interface between the expansion cone 5700 anda 

during the radial expansion process. In a preferred embodunent, the axial gr 

"rsect the circumferential grooves 57!5 in a perpendicuiar manne, In a 

P " a ,anthecro S aaectio„a 1 areaof t heaxia 1 grooves57 2 Oin order bo mimmue 



-262- 



Attorney Docket No. 25791. 



10 



15 



20 



25 



stance to fluid flow. In a preferred embodiment, the 

, i, ereater than about 3 inches in order to optimally provide 

the axral grooves ,s greater «" Inaprefem dembodiment,theaxial 
lubricationduringtheradialexpans.onprocess.lnap „,„„ eater 
™„ves5720inters e ctthe.ongitudtaalaxi S ottheexpan S ,onconeatananglegreate 

Than I angle of attacH of the tapered portion 5705 in order to opttmaflv prov.de 
lubrication during the radial expansion process. 

"erring I FIG. 39, a preferred embodiment of a system for Iubr.cnt.ng the 

pr „cess will now be described. As illustrated in FIG. 39, an expansion c ne 5800 
process wi includes a tapered portion 5805 

,«90 and 5825 In this manner, during the radial expansxon 

„,s»nn into the rircumferential groove 5815. thus, me 
5800b of the expansion cone 5800 into tnecir 

trailingedgeportionoftheinterface between theexpansion cone 5800 andatub 

* P-ded with an increased supply of lubricant, thereby « * 

Ues5825wherethelubricantpreferablycleansforeignmater.ataftomthetap.red 

portion 5805 of the expansion cone 5800. „ lm ..utv of 

I„ a preferred embodiment, the expansion cone 5800 includes a pteaht . 
• . ..5815 I„a D referredembodiment,thecrosssecUonalareaof 
circumferent.algrooves6815.Inapreterr 2 t „, i y,„-Mn , inorder 
the circumferential groove 5815 ranges from about 2X10' m to 5X10 m o 
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taapreferredmbodiment.theexpa^.nconeSSOOmdude.circumferentia) grooves 
5815 concentrated aboot the axial midpoint of the tapered portion 5805 in order to 
optimallyprovide lubrication to the trailingedgeportionoftheinterfacebetweenthe 
expansion cone 5800 and a tubular member during the radio! expansion process. In 

5 a preferred embodiment, the circumferential grooves 5815 are equafly spaced a.ong 
the trailing edge portion of the expansion cone 5800 in order to optimaUy provide 
.ubrication to the trailing edge portion of the interface between the expansion cone 
5800 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5800 includes a plurality of 

L0 first axia! grooves 5820 coupled to each of the circumferential grooves 5815. In a 
pr e te rredembodiment,thefirstaxialgrooves5 8 20extendfromtheback5800bofth 

expansion cone 5800 and intersect the circumferential groove 5815. In a preferred 
embodiment, thecros S sectiona 1 areaofthefirstaxia 1 groove5820rangesfromabou. 
2X10- in' to 5X10* in 2 in order to optimaUy provide lubrication to the trailing edge 
15 portion of the interface between the expansion cone 5800 and a tubuiar member 
Ling the radia! expansion process. In a preferred embodiment, the first axtal 

• groove 5820 intersects the circumferential groove 5815 in a perpendicular manner. 

• In a preferred embodiment, the cross sectional area of the circumferential groove 
i 58J5 is greater than the cross sectiona. area of the first axia! groove 5820 in order to 
*0 minimize resistance to fluid flow. In a preferred embodiment, the circumferential 

spacing of the first axial grooves 5820 is greater than about 3 inches in order to 
:• optimally provide lubrication during the radial expansion process. 

In a preferred embodiment, the expansion cone 5800 includes a plurahty of 
,. second axia! grooves 5825 coupled to each of the circumferential grooves 5815 Jn a 
•125 preferredembodiment,thesecondaxia 1 grooves5825extendfromthefront580 aof 

the expansion cone 5800 and intersect the circumferential groove 5815. In a 
"« preferred embodiment, the cross sectional area of the second axial grooves 5825 

" ranges from about 2X10" in' to 5XW in' in order to optimaUy provide lubncatmn 

to the trailing edge portion of the interface between the expansion cone 5800 and a 
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tubular member during the radial expansion process. In a preferred embodiment, the 
second axial grooves 5825 intersect the circumferential groove 5815 in a 
perpendicular manner. In a preferred embodiment, the cross sectional area of the 
circumferential groove 5815 is greater than the cross sectional area of the second 
axial grooves 5825 in order to minimize resistance to fluid flow. In a preferred 
embodiment, the circumferential spacing of the second axial grooves 5825 is greater 
than about 3 inches in order to optimally provide lubrication during the radial 
expansion process. In a preferred embodiment, the second axial grooves 5825 
intersect the longitudinal axis of the expansion cone 5800 at an angle greater than 
the angle of attack of the tapered portion 5805 in order to optimally provide 
lubrication during the radial expansion process. 

Referring to Fig. 40, in a preferred embodiment, the first axial groove 5820 
includes a first portion 5905 having a first radius of curvature 5910, a second portion 
5915 having a second radius of curvature 5920, and a third portion 5925 having a 
third radius of curvature 5930. In a preferred embodiment, the radius of curvatures, 
5910, 5920 and 5930 are substantially equal. In an exemplary embodiment, the 
radius of curvatures, 5910, 5920 and 5930 are all substantially equal to 0.0625 inches. 

Referring to Fig. 41, in a preferred embodiment, the circumferential groove 
5815 includes a first portion 6005 having a first radius of curvature 6010, a second 
portion 6015 having a second radius of curvature 6020, and a third portion 6025 
having a third radius of curvature 6030. In a preferred embodiment, the radius of 
curvatures, 6010, 6020 and 6030 are substantially equal. In an exemplary 
embodiment, the radius of curvatures, 6010, 6020 and 6030 are all substantially equal 
to 0.125 inches. 

Referring to Fig. 42, in a preferred embodiment, the second axial groove 5825 
includes a first portion 6105 having a first radius of curvature 6110, a second portion 
6115 having a second radius of curvature 6120, and a third portion 6125 having a 
third radius of curvature 6130. In a preferred embodiment, the first radius of 
curvature 6110 is greater than the third radius of curvature 6130. In an exemplary 
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embodiment, the first radius of curvature 6110 is equal to 0.5 inches, the second 
radius of curvature 6120 is equal to 0.0625 inches, and the third radius of curvature 

6130 is equal to 0.125 inches. 

Referring to Fig. 43, an embodiment of an expansion mandrel 6200 ineludes 
an internal flow passage 6205 having an insert 6210 including a flow passage 6215. 
in a preferred embodiment, the cross sectional area of the flow passage 6215 is less 
than thecroas sectional area of the flow passage 6215. More generaUy, in a preferred 
embodiment,apluralit,ofinserts6210areprovided,eachwitbdifferentsise S offlow 

passages 6215. In this manner, the flow passage 6215 ismachineu to a standard sue, 
and the lubricant supply is varied by using different arced inserta 6210. In a 
pr eferredembodiment,theteachingsoftheexpansionmandrel6200areincorporated 

into the expansion mandrels 5100, 5300, and 5600. 

Referring to Fig. 44, in a preferred embodiment, the inaert 6210 includes a 
filter 6305 for filtering particlea and other foreign materials from the lubricant that 
passes into the flow passage 6205. In this manner, the foreign materials are 
prevented from clogging the flow pasaage 6205 and other flow passages wrthm the 

expansion mandrel 6200. 

In a preferred embodiment, the one or more of the lubrication systems and 
elementsofthemandrels5100 > 5200,5300,5400,5500,5600,5700,5800and/or5900 

are incorporated into the methods and apparatus for expanding tubular members 
described above with reference to FIGS. 1-30. In this manner, the amount of force 
required to radially expand a tubular member in the formation and/or repau of a 
wenborecasing, P i^^ 

the increased lubrication provided to the trail edge portion of the mandrel greatly 
reducestheamountofgallingorseizurecausedbytheinterfacebetweenthemandrel 

and the tubular member during the radial expansion process thereby perrmttmg 
larger continuous sections of tubulars to be radially expanded in a single continuous 
operation. Thus, use ofthe mandrels 5100, 5200, 5300, 5400, 5500, 5600, 5700, 5800 
and/or 5900 reduces the operating pressures required for radial expansion and 
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thereby reduces the sizes of the required hydraulic pumps and related equipment. 
In addition, failure, bursting, and/or buckling of tubular members during the radial 
expansion process is significantly reduced, and the success ratio of the radial 
expansion process is greatly increased. 
5 In laboratory tests, a regular expansion cone, without any lubrication grooves 

and flow passages, and the expansion cone 5100 were both used to radially expand 
identical coiled tubular members, each having an outside diameter of 3 V4 inches. The 
following tables summarizes the results of this laboratory test: 



LUBRICATING FLUID 


REGULAR 
EXPANSION CONE 


EXPANSION CONE 5100 




FORCE REQUIRED TO EXPAND TUBULAR MEMBER 


PHPA Mud alone 


78,000 M 


72,000 lbf 


PHPA Mud + 7% 
Lubricant Blend 


48,000 lbf 


46,000 lbf 


100% Lubricant Blend 


68,000 lbf 


48,000 lbf 



Where: PHPA Mud refers to a drilling mud mixture available from Baroid. 



• « • • « 



# 15 PHPA Mud + 7 % Lubricant Blend refers to a mixture of 93% PHPA 

Mud and 7% mixture of TorqTrim III, EP Mudlib, and DrillN-Slid 
available from Baroid. 



•••• 



100% Lubricant Blend refers to a mixture of TorqTrim III, EP Mudlib, 
and DrillN-Slid available from Baroid. 



20 Thus, in an exemplary embodiment, the use of the expansion cone 5100 

• • • 

*•! reduced the amount of force required to radially expand a tubular member by as 

much as 30%. This reduction in the required force, translates to a corresponding 
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savings to the operator. ^togtoidsuaedwiththemandreUSlOO, 
1 taa ^™rrl^ f or^tu ta Ur n e mlJ ers 
5200, 5300, 5400, 5500, 5600, 5700 ^ ^ 

zrzz^r-- — 

of the apparatus for expending tobutar— es ^ ^ 
nG , ,30 are coated * a iubricaUng ^ tabricatog 

2 p^ga.enhoreoasing.piP^e.orfoundati.ns.pport 
foruseinformmgand/orrepamngawe ^ 

.. „U1 now be described. In a preferred embodnnent, exp 

•, b th e waU thickness T about the circurnference of the a 
' than about 8 % in order to opthnaU, provide an expands tubuia 

In apreierr ^ to prQVlde a hoop 
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m ember 6400 in order to optima.!* provide consistent geometries in the expands 
tubular 6400 after radial expansion. 

\ a preferred end—, the expendible tubu.ar 6400 inCudes atmctura 

5 1 of the specified wal. thickness T in order to optimise the rad,a> expans.cn o«he 
5%ottnesp ore ferred embodiment, each expand.ble 

exnandible tubular member 6400. In a preterre 

expauuiu j. f „t. „sine nondestructive testing 

tubular 6400 is tested for the presence of such defects using no 

methods in accordance with industry standard API SR2. 

In a preferred embodiment, a representative sample of a se ectod group 

tubular flaring method, such as, for example the method disclosed in ASTM A450^ 

tubu ,ar member 6400 do not exhibit any necaing for increases ,n th - eno 
di a m e te roftheflaredend640 5 ofthetubularmember6400rang,ngfrom0^abu 

lUustrated in Fig. 47, in a preferred embodiment, the flared end oU 

u cAnn rapine from 0 to at least about 30%. in tms 

rrn ssi — - — - - - - 

nation haa been described that includes installing a tubu.ar Inter and , , ntandi, 

^borehole. A body of fluidic material is then injected into the £ 
ub u,arfineristbenradiall,expandedbyextnrdingtbe.inero ff ofthemandrel.The 

« preferably includes injecting a hardenable fluidie sealing material into an 
„on halnab.e fluidic materia, into an interior region of the tubular liner below 
"e mLor region before inking the second q uantity of the non hardenable 
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notorial is preferably provided at operating pressures and flow rates ranging from 
ItotolopsiandOto 1,500 gaflons/mi, The Meeting of the nonhardenab, 

from about 500 to 9000 psi and 40 to 3,000 gaUonston, The « of the non 
fl0 „ rates during an end portion of the extruding. The non bardenab.e flu.d.0 

7LJ t a region of the tubuiar Uner beiow the mandrel. The re^of^ 
LbuterUnerbeiowthemandrelUpreferah.y pressurized to pressures rangmgfrm 

region of the tubuiar Uner from an exterior region of the tubuiar hue. The method 

Last a ^rtion of the cured seahng materia, .ocated within the tubu ar hner. Th 
Iho, further prefer* includes overlapping the tubuiar Uner wnh an ex,stm 

Z elbuiar liner and the existing weUbore casing. 

tadudea supporting the extruded tubular liner using the overlap wun the extsUng 

m ethod further preferably includes removing at least a portton of — ^ 
fluidic sealing material within the tubuiar Hner before cunng. T*e — **« 
preferably includes iubricating the surface of the mandrel The method furfher 
£J, includes absorbing shoe,. The method further preferably mcludes 
catchingthemandreluponthecompletionoftheextrud.ng. 

I apparatus for creating a casing in a borehole located in a su te~ 

mentber, and a shoe. The .pport member includes a fret fl u« Th 
tubular member is coupled to the mandrel. The shoe ,s coupled to the tubular 
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and includes a third fluid passage. The first, second and third fluid passages are 
operably coupled. The support member preferably further includes a pressure relief 
passage, and a flow control valve coupled to the first fluid passage and the pressure 
relief passage. The support member further preferably includes a shock absorber. 
The support member preferably includes one or more sealing members adapted to 
prevent foreign material from entering an interior region of the tubular member. 
The mandrel is preferably expandable. The tubular member is preferably fabricated 
from materials selected from the group consisting of Oilfield Country Tubular Goods, 
13 chromium steel tubing/casing, and plastic casing. The tubular member preferably 
has inner and outer diameters ranging from about 3 to 15.5 inches and 3.5 to 16 
inches, respectively. The tubular member preferably has a plastic yield point ranging 
from about 40,000 to 135,000 psi. The tubular member preferably includes one or 
more sealing members at an end portion. The tubular member preferably includes 
one or more pressure relief holes at an end portion. The tubular member preferably 
includes a catching member at an end portion for slowing down the mandrel. The 
shoe preferably includes an inlet port coupled to the third fluid passage, the inlet port 
adapted to receive a plug for blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
first tubular member having an inner diameter greater than an outer diameter of the 
second tubular member, has been described that includes positioning a mandrel 
within an interior region of the second tubular member, positioning the first and 
second tubular members in an overlapping relationship, pressurizing a portion of the 
interior region of the second tubular member; and extruding the second tubular 
member off of the mandrel into engagement with the first tubular member. The 
pressurizing of the portion of the interior region of the second tubular member is 
preferably provided at operating pressures ranging from about 500 to 9,000 psi. The 
pressurizing of the portion of the interior region of the second tubular member is 
preferably provided at reduced operating pressures during a latter portion of the 
extruding. The method further preferably includes sealing the overlap between the 
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first and second tubu,ar member. The method further preferable 
support the extruded first tubular member using the overlap w,th*e second 

the mandrel. The method further preferably includes absorbing shock. 

A liner for use in creating a new section of weUbore casing in a subterranean 
formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. The annular member mcludes one 

pressure relief passages at an end portion of the snnulsr member. 

A wellbore casing has been described that includes a tubular hner and a n 
annular body of a cured fluidic sealing material. The tubular liner is formed by the 
" o, Ixtruding the tubular liner off of a mandrel. The tubular hner .s 
preferably formed by the process of placing the tubular liner and mandrel wh,r .the 

. body of hardenable fluidic sealing materia! into an annular reg.cn extern^ of 
XL liner. During the presenting, the interior portion of the tubuiar hner ■ 

00 to 9,000 psi. The tubular liner preferably overlaps with an ex, mg wellb ore 
Lng The weUbore casing preferably further includes a sea. posted ,n the 
eZbetweenthetubutarhnerandtheexi.ingwenborecasin, Tubular hner,s 
preferablysnpportedtheoverlapwiththeexistlngwellborecaamg. 

A method o, repairing an existing section of a weUbore casmg wthrn a 
borehole has been described that includes installing a tubnlar liner and a mandrel 

presetting a portion of an interior region o, the tubular hner, and ^d,al„ 
expanding the liner in the borehole by extruding the liner offof the mandre In a 
plrred embodiment, the fluidic material la selected from the group co„s,st.ng of 



-272- 



Attorney Docket No. 25791.17 



slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the method 
further includes fluidicly isolating an interior region of the tubular liner from an 
exterior region of the tubular liner. In a preferred embodiment, the injecting of the 
body of fluidic material is provided at operating pressures and flow rates ranging 
from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a preferred embodiment, 
the injecting of the body of fluidic material is provided at reduced operating pressures 
and flow rates during an end portion of the extruding. In a preferred embodiment, 
the fluidic material is injected below the mandrel. In a preferred embodiment, a 
region of the tubular liner below the mandrel is pressurized. In a preferred 
embodiment, the region of the tubular liner below the mandrel is pressurized to 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment, the 
method further includes overlapping the tubular liner with the existing wellbore 
casing. In a preferred embodiment, the method further includes sealing the interface 
between the tubular liner and the existing wellbore casing. In a preferred 
embodiment, the method further includes supporting the extruded tubular liner using 
the existing wellbore casing. In a preferred embodiment, the method further includes 
testing the integrity of the seal in the interface between the tubular liner and the 
existing wellbore casing. In a preferred embodiment, method further includes 
lubricating the surface of the mandrel. In a preferred embodiment, the method 
further includes absorbing shock. In a preferred embodiment, the method further 
includes catching the mandrel upon the completion of the extruding. In a preferred 
embodiment, the method further includes expanding the mandrel in a radial 
direction. 

A tie-back liner for lining an existing wellbore casing has been described that 
includes a tubular liner and an annular body of a cured fluidic sealing material. The 
tubular liner is formed by the process of extruding the tubular liner off of a mandrel. 
The annular body of a cured fluidic sealing material is coupled to the tubular liner. 
In a preferred embodiment, the tubular liner is formed by the process of placing the 
tubular liner and mandrel within the wellbore, and pressurizing an interior portion 
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of the tubular liner. In a preferred embodiment, during the pressurizing, the interior 
portion of the tubular liner is fluidicly isolated from an exterior portion of the tubular 
liner. In a preferred embodiment, the interior portion of the tubular liner is 
pressurized at pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the annular body of a cured fluidic sealing material is formed by the 
process of injecting a body of hardenable fluidic sealing material into an annular 
region between the existing wellbore casing and the tubular liner. In a preferred 
embodiment, the tubular liner overlaps with another existing wellbore casing. In a 
preferred embodiment, the tie-back liner further includes a seal positioned in the 
overlap between the tubular liner and the other existing wellbore casing. In a 
preferred embodiment, tubular liner is supported by the overlap with the other 
existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The support 
member includes a first fluid passage. The mandrel is coupled to the support 
member. The mandrel includes a second fluid passage operably coupled to the first 
fluid passage, an interior portion, and an exterior portion. The interior portion of the 
mandrel is drillable. The tubular member is coupled to the mandrel. The shoe is 
coupled to the tubular member. The shoe includes a third fluid passage operably 
coupled to the second fluid passage, an interior portion, and an exterior portion. The 
interior portion of the shoe is drillable. Preferably, the interior portion of the 
mandrel includes a tubular member and a load bearing member. Preferably, the load 
bearing member comprises a drillable body. Preferably, the interior portion of the 
shoe includes a tubular member, and a load bearing member. Preferably, the load 
bearing member comprises a drillable body. Preferably, the exterior portion of the 
mandrel comprises an expansion cone. Preferably, the expansion cone is fabricated 
from materials selected from the group consisting of tool steel, titanium, and ceramic. 
Preferably, the expansion cone has a surface hardness ranging from about 58 to 62 
Rockwell C. Preferably at least a portion of the apparatus is drillable. 
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A wellhead has also heen described that includes an outer casing and a 
ptarahty of substantia.* concentric and overlapping inner casings coup.ed to the 
outer casing. Each ,nner casing is supported by contact pressure between an outer 
snrface of the inner casing and an inner surface of the outer casing. In . pre^ 
embodiment, the outer casing has a yield strength ranging from about 40 000 to 
135 000 psi In a preferred embodiment, the outer casing has a burst strength 
ranging L about 5,000 to 20,000 psi. In a preferred embodiment, the contact 
pr ele between the inner casings and the outer casing ranges from about 500 * 
0000 psi. inapreferred embodiment, one or more of the inner casmgsmclude one 
ormore sealing members that contact with an inner surface of the outer casmg. In 
.prefemdembodiment.theaemingmembersaraselectedfromthegroup— g 

of lead rubber, Tenon, epoxy, and plastic. ,„ a preferred embodiment, a Chnstmas 
tree is coupled to the outer casing. In a preferred embodiment, a drilhng spool .a 
ZZ to - outer casing. In a preferred embodiment, at least one of the mner 

casings is a production casing. 

A wellhead has also heen described that includes an outer caamg at least 

one or more of the inner casings into contact with at least a portron o, the tntenor 
^ace o, the outer cueing. In a preferred embodiment, the inner casmgs are 
expanded by extruding the inner casings off of a mandrel. In a preferred 
Zoodhnent, the inner casings are expanded by the procese of facing the ,nne 

inner casing. In a preferred embodiment, during the pressuring, the mter,» 
portionof the inner casing is fluidiciy isoiated from an extenor port-on of the mner 
Ling In a preferred embodiment, the interior portion of the mner caamg 
prized at pressures ranging from about 500 to 9,000 pst In a pr^erred 
Lhodiment, one or more seals are positioned in the interface between the ,nner 
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casings and the enter casing. In a preferred embodiment, the inner casings are 
supported by their contact with the outer casing. 

AmethodofformingaweUhead has also been described that includes dnihng 
a weUbore. An outer casing is positioned at least partially within an upper port,on 
ofthewellbore. A first tubular member is positioned within the outer casing. At 

surface of the outer casing. A second tubular member is positioned w-thm the outer 
casingandthef,rsttubular m embe,Atleastaportionofthesecondtubu.armember 

is expanded into contact with an interior portion of the outer casing. In a preferred 
embodiment, at least a portion of the interior of the flrst tubular member rs 
pressurized. In a preferred embodiment, at least a portion of the intenor of the 
second tubular member is pressurized. In a preferred embodiment, at least a 
portion of the interiors of the first and second tubular members are pressunzed. to 

flrst tubular member is provided at operating pressures ranging from about 500 to 
9000psi InapreferredembodimenMhepressurizingoftheportionofthemtenor 
.ogionofthesecondtubu.armemberisprovidedatoperatingpre^resrangingfrom 

ahout500«o9,000 P si. In a preferred embodiment, the pressurizi 
cftheintenorregionofthefiratandsecondtubularmembersisprovid^atoperatng 

pressures ranging from about 500 to 9,000 psi. In a preferred embodnnen, the 
pressurizing of the portion of the interior region of the first tubu!ar member a 

s econd tubular member is provided at reduced operating pressures during a la ter 
portion ofthe expansion. Inapreferred embodiment, the pressurizing of the portmn 
of the interiorregion of the first and second tubular members is provided at reduced 
operating pressures during a latter portion of the expansions. In a preferred 
embodiment, the contact between the flrst tubular member and the outer casmg « 
sealed Inapreferredembodiment,thecontactbetweenthesecondtubularmember 
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and the outer casing is sealed. In a preferred embodiment, the contact between the 
first and second tubular members and the outer casing is sealed. In a preferred 
embodiment, the expanded first tubular member is supported using the contact with 
the outer casing. In a preferred embodiment, the expanded second tubular member 
is supported using the contact with the outer casing. In a preferred embodiment, the 
expanded first and second tubular members are supported using their contacts with 
the outer casing. In a preferred embodiment, the first and second tubular members 
are extruded off of a mandrel. In a preferred embodiment, the surface of the mandrel 
is lubricated. In a preferred embodiment, shock is absorbed. In a preferred 
embodiment, the mandrel is expanded in a radial direction. In a preferred 
embodiment, the first and second tubular members are positioned in an overlapping 
relationship. In a preferred embodiment, an interior region of the first tubular 
member is fluidicly isolated from an exterior region of the first tubular member. In 
a preferred embodiment, an interior region of the second tubular member is fluidicly 
isolated from an exterior region of the second tubular member. In a preferred 
embodiment, the interior region of the first tubular member is fluidicly isolated from 
the region exterior to the first tubular member by injecting one or more plugs into 
the interior of the first tubular member. In a preferred embodiment, the interior 
region of the second tubular member is fluidicly isolated from the region exterior to 
the second tubular member by injecting one or more plugs into the interior of the 
second tubular member. In a preferred embodiment, the pressurizing of the portion 
of the interior region of the first tubular member is provided by injecting a fluidic 
material at operating pressures and flow rates ranging from about 500 to 9,000 psi 
and 40 to 3,000 gallons/minute. In a preferred embodiment, the pressurizing of the 
portion of the interior region of the second tubular member is provided by injecting 
a fluidic material at operating pressures and flow rates ranging from about 500 to 
9,000 psi and 40 to 3 ,000 gallons/minute. In a preferred embodiment, fluidic material 
is injected beyond the mandrel. In a preferred embodiment, a region of the tubular 
members beyond the mandrel is pressurized. In a preferred embodiment, the region 
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compnsesaproduct.oncas.ng. map referre(icmbo diment, the 

tottubularmemberandtheoutercasmg.ssealed.lT.apreferre.. 

contact between the second tubu,ar member and the outer casmg .s sealed. In. 
preferred embodiment, the expanded fust tubular member - supported usmg the 
m a preferred embodiment, the expanded second tubu,ar member . 
ZZLjto^t. InapreferredembodUnent.thetntegrityof^ 

^preferred embodiment, the integri* of the sea. in the contact between the 
lnapre . . Worl T n a nreferred embodiment, 

secondtubutarmemberandtheoutercasmgrate^. Inaprefe 

ft. mandre, is caught upon the completion of the extrudm • In « ^ 
embodiment, the mandre, is driUed out. In a preferred eu.bod.ment the mante* 

""^ushasmsobeendesc^thatmc.udesanoutertub.armember, 

ZtZ to the outer tubular member. Each inner tubmar member - supported b y 
IILpcessurebet.eenanouteta.faeeoftheinnercasingandan^er^ 

Z the outer inner tubular member. In a preferred embodiment, the outer tubu, 

Himent, the outer ,ubu,ar member has a burst strength ™^ ^ 
5 000 to 20,000 psi. in a preferred embodiment, the contact pressure 
lr tubu ar members and the outer tumuar member ranges from about 500 to 

incl „deoneormore seaHng members that contact wim an mner surface f heou^ 
.ubularmember.Inapreferredembodimeut.the.aUngmembersareae.ectedfrom 

the group consisting of rubber, lead, plastic, and epoxy. 
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Anapparatushas^obeende.nbedthatinc.udesanoutenubuto — 
and a plurality of substantial concentric inner tubular members conpled to the 

of the inner tubular .embers into intact with at ieaet a porfon of the mtenor 
.aemberaareexpandedbyextrudingtheinnertnbularmembersoffofamandrel. » 

isola ted from an exterior portion of the inner tubular member. In a prefer! 
Idiment, the interior portion o, the inner tubuiar member is p— 
pressures ranging from about 500 to 9,000 psi. In a preferred embodtment, th 

Zer tubular members and the outer tubular member. In a preferred emb—, 
rlttubularmenrbors ace support their contact with the outer tubular 



5 



relationship. The inner diameter of the ftrst tnbn.ar tnember - subs— «,ua 
first tubular member includes a first thin wall aection, wherem the second tubular 

„ coupled to the second thin wall section. In a ^^^ ^ 

j .^-.j Tn a nreferred embodiment, the tirsttuDuwi 
second thin wall sections are deformed, ma preierreu 

rlindudeaafiMcompceaMblemembereonpIedrnthefirstthinwaU^ 
and wherein the second tubular membec includes a secon, compete m«nb« 
ooupled to the second thin waU section. In a preferred embodunent, *. « •« 
«, section and the first compcessible member are coupled to the second than 
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section and the second compressible member. In a preferred embodiment, the first 
and second thin wall sections and the first and second compressible members are 
deformed. 

A wellbore casing has also been described that includes a tubular member 
including at least one thin wall section and a thick wall section, and 
a compressible annular member coupled to each thin wall section. In a preferred 
embodiment, the compressible annular member is fabricated from materials selected 
from the group consisting of rubber, plastic, metal and epoxy. In a preferred 
embodiment, the wall thickness of the thin wall section ranges from about 50 to 100 
% of the wall thickness of the thick wall section. In a preferred embodiment, the 
length of the thin wall section ranges from about 120 to 2400 inches. In a preferred 
embodiment, the compressible annular member is positioned along the thin wall 
section. In a preferred embodiment, the compressible annular member is positioned 
along the thin and thick wall sections. In a preferred embodiment, the tubular 
member is fabricated from materials selected from the group consisting of oilfield 
country tubular goods, stainless steel, low alloy steel, carbon steel, automotive grade 
steel, plastics, fiberglass, high strength and/or deformable materials. In a preferred 
embodiment, the wellbore casing includes a first thin wall at a first end of the casing, 
and a second thin wall at a second end of the casing. 

A method of creating a casing in a borehole located in a subterranean 
formation has also been described that includes supporting a tubular liner and a 
mandrel in the borehole using a support member, injecting fluidic material into the 
borehole, pressurizing an interior region of the mandrel, displacing a portion of the 
mandrel relative to the support member, and radially expanding the tubular liner. 
In a preferred embodiment, the injecting includes injecting hardenable fluidic sealing 
material into an annular region located between the borehole and the exterior of the 
tubular liner, and injecting non hardenable fluidic material into an interior region 
of the mandrel. In a preferred embodiment, the method further includes fluidicly 
isolating the annular region from the interior region before injecting the non 
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enable nuidic materia, into the interior region of the mandrel. In a pre erred 

operating pressures and How rates ranging from ahout 0 to 5,000 ps, and 0 to 1,600 
.napreferredembodlme ^ 

fluidi c materia, is injected into one or more pressure chambers ^ 
u ..• , n- one or more pressure chambers are pressurised. In a preterreo 

bating an interior region of the mandre! from an exter.or regron o the mand« 
I! preferred embodiment, the interior region of the mandre. is .so.ated th 
Xel.ortothema.dre.^.naertb.goneornmrep.ugs.ntoU.e^fl^ 

portio „ of the fluidie materia,, and removing at .east a portmn of *^ 
lateria, .ocated within the ta bu,ar Una, In a preferred -^^^ 
further ineludes overlapping the tubular liner with an enstmg wenborecasmg. 

tubular liner and the existing wellbore casing. In a preferred emD 
^further—suppo^ 

the surfaceofthe mandrel. Inapreferred embodiment, the method Orrthermc 
riingshoc k .Inapre fe rredembodiment,themethodfu rt herinc,udescatoh,ng 
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the mandrel upon the completion of the extruding. In a preferred embodiment, the 
method further includes drilling out the mandrel. In a preferred embodiment, the 
method further includes supporting the mandrel with coiled tubing. In a preferred 
embodiment, the mandrel reciprocates. In a preferred embodiment, the mandrel is 
displaced in a first direction during the pressurization of the interior region of the 
mandrel, and the mandrel is displaced in a second direction during a de- 
pressurization of the interior region of the mandrel. In a preferred embodiment, the 
tubular liner is maintained in a substantially stationary position during the 
pressurization of the interior region of the mandrel. In a preferred embodiment, the 
tubular liner is supported by the mandrel during a de-pressurization of the interior 
region of the mandrel. 

A wellbore casing has also been described that includes a first tubular member 
having a first inside diameter, and a second tubular member having a second inside 
diameter substantially equal to the first inside diameter coupled to the first tubular 
member in an overlapping relationship. The first and second tubular members are 
coupled by the process of deforming a portion of the second tubular member into 
contact with a portion of the first tubular member. In a preferred embodiment, the 
second tubular member is deformed by the process of placing the first and second 
tubular members in an overlapping relation ship, radially expanding at least a 
portion of the first tubular member, and radially expanding the second tubular 
member. In a preferred embodiment, the second tubular member is radially 
expanded by the process of supporting the second tubular member and a mandrel 
within the wellbore using a support member, injecting a fluidic material into the 
wellbore, pressurizing an interior region of the mandrel, and displacing a portion of 
the mandrel relative to the support member. In a preferred embodiment, the 
injecting includes injecting hardenable fluidic sealing material into an annular region 
located between the borehole and the exterior of the second liner, and injecting non 
hardenable fluidic material into an interior region of the mandrel. In a preferred 
embodiment, the wellbore casing further includes fluidicly isolating the annular 
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r f v,o mandrel before injecting the non hardenable 
regi „„ from the interior regron of the mandnib he 
fluimemateria, into the interior regronofthmandreh P 

.• „f th* hardenable fluidic sealing material is proviaea a v 

the injecting of the hardenab siana0tol , 600g allon S /min. 
p „andfle»ratesxang,ngfro m ahontO^ p ^ ^ 

In . purred embodiment, the ^ about 500 10 9 ,„„ 0 psi 

pro vided at operating P~ ^~31t, the injecting of the non 
an d 40 to 3,000 gallona/min. In a preferred em dflowratts 

^terial.injectedintooneormoreprea.urech^ tea P ^ 
on e or more pressure chambers are pressor,^ £ psi 

I„apreferredembodiment,the»ellborecaain g ni Inapre ferred 

embodiment, the interior region of the man ^ 
to the mandrel by inserting one or more plugs into ^ 

.ocated within the second tubular hner. In a preferred 

^ further includes sealing .He overlap between ^ 

liners, inapreferredembodiment, the wellboreea^^rthe mdu 

embodiment, theweUborec^ingfurth—^ 
theoverlapbetweenthefn.tandaecondtubularlmeralnapr* 

ft. weUbore casing further includes removing ate^t a ^ 
embodiment, the wellbore easing further includes I— 
shock. In a preferred embodiment, the wellbore casmgfurther includes 
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ft. wellbore casing mrther incmdes drilling out "^J^ 

-*~*^^^^r^2T in a preferred 

, . ,„ . nreferre d embodiment, the mandrel reciprocates. P 
tnbmg. In a preferred ftrst - direc ti„„ during the pressumaUon 

, embodiment, the mandre » ^ ^ ^ ^ in . 

of the interior regton of the mantl ^ nofthema „drel. In 

— — trl^: "mainledinasnh— 
a preferred embodtment, the second o( ^ mand rel. 

n In a preferred embodiment, the secona 

— ^trrrrirZtheendeeertbedtbat 

An apparatus for expandmg a tubular me 
^desasupportmemherinCudingane.dpaseage ^ ^ 

the .upport member including an expand ^^lJ lfluididycouple d 
mtnenrstflumpaaaage.andoneormore^U-PPO P e 
m ember adapted to support the tubular .nenrber. In prefen^d ^ 
; nuid passage includes a threat passage havmg a red«* mne d ^ 

, pureed embodiment, the mandrel ^^^.^ fn 
■ p.eferredembodiment.theapparatusmcludesapluraMyo p 

^ mimd : 1 napreferredembodiment.thereleasabiesupporta 
positioned above heme dref In P^ ^ ^ ^ 

comprise hydremic sUp, ^ ^ ^ „ ^ 

comprise mechanical slips. In a preter more 

o deblocks Inapreferredembodiment ( themandrelincludeson 
comprise dragblocfcs. map ng In a 
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In a preferred embodiment, the pressure chambers comprise annular pressure 
chambers. 

An apparatus has also been described that includes one or more solid tubular 
members, each solid tubular member including one or more external seats, one or 
more slotted tubular members coupled to the solid tubular members, and a shoe 
coupled to one of the slotted tubular members. In a preferred embodiment, he 
apparatus further includes one or more intermediate solid tubular members coupled 
to and interleaved among the slotted tubular members, each intermediate sohd 
tubular member including one or more external seals. In a preferred embodunent 
the apparatus further includes one or more valve member, In a preferred 
embodiment, one or more of the intermediate solid tubular members include one or 

more valve members. 

A method of joining a second tubular member to a first tubular member, the 
first tubular member having an inner diameter greater than an outer diameter of the 
second tubularmember.hasalsnbeendesmbedthatincludespositiomngamandrel 
withinaninteriorregionof the second tubular member.pressunzingaportmnofthe 
interior region of the mandre., displacing the mandrel retaUve m the second tubtfiar 
member, and extruding at least a portion of the second tubular member off of the 
mandrelintoengagementvnththefirsttubmar m ember.Inapreferredembodnnent 

the pressurizing of the portion of the interior region of the mandre. ia provided at 
operntingpressuresrangingfromaboutSOOtoWOOpsi.Inapreferredemhod.ment 

the pressurizing of the portion of the interior region of the mandre! is proved a 
reduced operating pressures during a latter portion of the extruding. In a preferred 
embodiment, themethod further includes sealing the interface between the firs and 
second tubular members. In a preferred embodiment, the method further includes 
supporting the extruded second tubular member using the interface with the first 
tubulmmember.Inapmfertedembodiment,^^ 

the surface of the mandrel. In apreferred embodiment, the method further inc udes 
absorbing shock. In a preferred embodiment, the method further includes 
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a preferred embodiment, the method further includes fluidic.y iao.at.ng an ,nte„or 
regionofthemandrelanexteriorregionofther^ndret.lnapreferredembod.ment 

.nandre, h y injecting one or more p.ugs into ft e interior of the mandre. n 
preferred embodiment, the pressurizing of the portion of the .ntenor regmn of the 
Ldre. is provided hy iniecting a fluidio materia, at operatmg pressures m-d flow 
ratea ranging from about 500 to 9,000 psi and 40 to 3,000 gaflona/mmu^ In . 

Lmandrel.lnapreferredembodiment.oneormorepreaaurechambersdeflnedhy 
th emandre 1 are P reasur i2 ed..napreferredemhodi m ent,.hepre S sure chambers 

presaurised to preseurea rangmg from about 500 to 9,000 par In a pr ^ 
embodiment, the firat t ubu.ar member eomprises an existing sectmn o a weflbor* 

^^^^^^^^^^ z 

the first and second tubular member, In a preferred embodiment, the method 
further includes supporting the extruded second tubular member nam the firs 

iutegr^oftheaemintheinterfacebotweentheflrattubularmemberandtheaecond 

themandre.upontheeomp.eaonoftheextrudinMnapmfer^emho^.^ 
met hod further indudea drilling out the mandrel In a preferred em od.m 
me thod further inch.de supporting the mandre. with eofled tubing, n a pr fe^ 
e m hodiment, the method further includes coupUog the mandre. to 
!n a preferred embodiment, the mandre. is disp,aced in the .ongitudma. mrectr - 
In a preferred embodiment, the mandre. ia disp.aced in a first directum durmg the 

presauriaation and in a second direction during a de-pressuriaafon. 

Mapparatuahasmaoboendescnbedthatmeludesoneormorepnmarysold 

tubulara, each primary sohd tubu.ar induding one or mora externa. annular seah, 
n dotted tubu.ara coupled to the primary solid tubulars, n-1 intermedrate aohd 
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tubulars coup.ed to and interleaved among the slotted tubulars, each intermediate 
solid tubumrincludingoneormoreexternal annular seals, and a shoe coupled to one 

of the slotted tubulars. 

A method of isolating a first subterranean zone from a second subterranean 
zone in a weUbore has also been described that includes positioning one or more 
primary solid tubulars within the wellbore, the p rt marya».id tubulars traversingthe 
f.rstaubterranean.one.positiomngoneormoreiottedtubu.mswithinthewenbore, 

the dotted tubulars traversing the second subterranean zone, fluidicly couphng he 
slotted tubulars and the solid tubulars, andpreventingthepassageoffluids from the 

tatsubterranean.onemthesecondsubterrane.n.onevvithinthewe.lboreexternal 

to the solid and slotted tubulars. 

A method of extracting materials from a producing subterranean zone m a 
wellbore.atle.staportionofthewefiboreindudingacasmg.hasalsobeandescnbed 

that includes positioning one or more primary solid tubulars within the wellbore, 
fluidicly couplingtheprimary solid tubu.ar S withtheca S ing,positioningoneormore 
dotted tubulars within the wellbore, the slotted tubulars traversing the producmg 
.bterxanean zone, fluidicly coupling the slotted tubulars with the solid tubulars, 
fluidicly isolating the producing subterranean zone from at least one other 
subterranean zone within the wellbore, and fluidicly coupling at least one of the 
slotted tubnlarsfromtheproducingsuhterranean zone. In a preferred embodrment, 
the method further includes controUabl, fluidicly decoupling at least one of the 

slotted tubulars from at least one other of the slotted tubulars. 

AmethodofcreatingacasinginaboreholewhilealsodrUlingtheboreholealso 

has been described that includes installing a tubular liner, a mandrel, and a dnlhng 
assembly in the borehole. A fluidic material is injected within the mbular hner, 
utandrel and drilling assembly. At least a portion of the tubular liner is radrally 
expanded while the borehole is drilled using the drUling assembly. In a preferred 
embodiment, the injecting includes injecting the fluidic material wtthm an 
expandable chamber. In a preferred embodiment, the injecting includes mjectmg 
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hardenable fluidic sealing material into an annular region located between the 
borehole and the exterior of the tubular liner. In a preferred embodiment, the 
injecting of the hardenable fluidic sealing material is provided at operating pressures 
and flow rates ranging from about 0 to 5,000 psi and 0 to 1,500 gallons/min. In a 
preferred embodiment, the injecting of the fluidic material is provided at operating 
pressures and flow rates ranging from about 500 to 9,000 psi and 40 to 3,000 
gallons/min. In a preferred embodiment, the injecting of the fluidic material is 
provided at reduced operating pressures and flow rates during an end portion of the 
radial expansion. In a preferred embodiment, the method further includes curing at 
least a portion of the fluidic material; and removing at least a portion of the cured 
fluidic material located within the tubular liner. In a preferred embodiment, the 
method further includes overlapping the tubular liner with an existing wellbore 
casing. In a preferred embodiment, the method further includes sealing the overlap 
between the tubular liner and the existing wellbore casing. In a preferred 
embodiment, the method further includes supporting the extruded tubular liner using 
the overlap with the existing wellbore casing. In a preferred embodiment, the method 
further includes testing the integrity of the seal in the overlap between the tubular 
liner and the existing wellbore casing. In a preferred embodiment, the method 
further includes lubricating the surface of the mandrel. In a preferred embodiment, 
the method further includes absorbing shock. In a preferred embodiment, the 
method further includes catching the mandrel upon the completion of the extruding. 
In a preferred embodiment, the method further includes expanding the mandrel in 
a radial direction. In a preferred embodiment, the method further includes drilling 
out the mandrel. In a preferred embodiment, the method further includes supporting 
the mandrel with coiled tubing. In a preferred embodiment, the wall thickness of the 
tubular member is variable. In a preferred embodiment, the mandrel is coupled to 
adrillable shoe. 

An apparatus has also been described that includes a support member, the 
support member including a first fluid passage; a mandrel coupled to the support 
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k .h. mandrel including: a second fluid passage; a tubular member coupled 
^ 7^2 J** to the tubular liner, tbe shoe including a third 
* the mandreh an d . ~ ^ ^ ^ ^ 

rUr^-T* dU — are ope* cou P ,ed. Xn a 
^ e— , the support member further includes: a pressure rehef 
CraraflowcontroWalvecou^totherustnuidpaasageaudthepre^r 

reZtslge In a preferred embodiment, the support member further mcludes a 
I TT !n a preferred embodiment, the support member includes one or 

more seai g orefer red embodiment, the support member 

10 regi „n of the ju pr.e ^ ^ ^ ^ 

todud es one or m « ^ ^ member „ febricatc d from 

expandable. In a preferred e , nil rield Country Tubular Goods, 

trials sdeoted from tbe group — g of OUU ^ the 

emotive — *»—-~ :;:.X^0,5 to ,7inches 
« ^ MmbtttetonW tr^l— nt.thetubtuarmember 

preferred 

portion. In a preferred e en.bodiment, the tubular 

« assure relief holes at an end porUon. In a pre^ed 

member includes a catching member at an end portion for slowing 

v n^: :-r*nrrrt 

expandable chamber is approximately annular. 



-289- 



Attorney Docket No. 25791.17 



A method of forming an underground pipeline within an underground tunnel 
including at least a first tubular member and a second tubular member, the first 
tubular member having an inner diameter greater than an outer diameter of the 
second tubular member, has also been described that includes positioning the first 
tubularmemberwithin the tunnel; positioning the second tubular member within the 
tunnel in an overlapping relationship with the first tubular member; positioning a 
mandrel and a drilling assembly within an interior region of the second tubular 
member; injecting a fluidic material within the mandrel, drilling assembly and the 
second tubular member; extruding at least a portion of the second tubular member 
off of the mandrel into engagement with the first tubular member; and drilling the 
tunnel. In a preferred embodiment, the injecting of the fluidic material is provided 
at operating pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced operating 
pressures during a latter portion of the extruding. In a preferred embodiment, the 
method further includes sealing the interface between the first and second tubular 
members In a preferred embodiment, the method further includes supporting the 
extruded second tubular member using the interface with the first tubular member. 
Inapreferredembodiment,themethodfurtherincludeslubricatingthesurfaceof^ 

mandrel. In a preferred embodiment, the method further includes absorbing shock. 
In a preferred embodiment, the method further includes expanding the mandrel in 
aradial direction. In a preferred embodiment, the method further includsaaling the 
interface between the first and second tubular members. In a preferred embodiment, 
the method further includes supporting the extruded second tubular member using 
the first tubular member. In a preferred embodiment, the method further includes 
testingtheintegrityofthe seal in theinterface between thefirst tubular memberand 
the second tubular member. In apreferred embodiment, the method further includes 
catching the mandrel upon the completion of the extruding. In a preferred 
embodiment, the method further includes drilling out the mandrel. In a preferred 
embodiment, the method further includes supporting the mandrel with coiled tubing. 



-290- 



Attorney Docket No. 25791.17 



to a preferred embodiment, the method further includes coupling the mandrel to a 
deniable shoe. In a preferred embodiment, the fluidic material is injected into an 
expandable chamber. In a preferred embodiment, the expandable chamber . 
substantially cylindrical In a preferred embodiment, the expandable chamber ,s 
substantially annular. An apparatus has aiso been described that includes a 
wellbore, the wellbore formed by the process of drilling the wellbore; and a tubular 
liner positioned within the wellbore, the tubular liner formed by the process of 
extruding the tubular liner off of a mandrel while drilling the wellbore. In a 
preferred embodiment, the tubular liner is formed b, the process of: placing the 
tubular liner and mandrel within the wellbore; and pressurising an interior portton 
of the tubular liner. In a preferred embodiment, the interior portion of the tubular 
Uner is pressurized at pressures ranging from about 600 to 9,000 psi. In a preferred 
embodiment, the tubular liner is formed by the process of: placing the tubular Inter 
and mandrel within the wellbore; and pressurising an interior portion of the 
ntandrel. In a preferred embodiment, the interior portion of the mandrel > 
pressurised at pressures rangmg nam about 500 to 9,000 psi. In a preferred 
embodiment, the apparatus further includes an annular body of a cured node 
.natenal coupled to the tubular liner. In a preferred embodiment, the annular body 
of a cured fluidic sealing material is formed by the process of: injecting a body of 
hardenahle fluidic sealing material into an annular region external of the tubular 
Uner In a preferred embodiment, the tubular liner overlaps with an extsttng 
wellbore casing. In a preferred embodiment, the apparatus further includes a seal 
^sitionedintheoverlapbetweenthetobularUnerandtheexistingwellborecasmg 

In a preferred embodiment, the tubular liner is supported by the overlap wtth the 
existing wellbore casing. In a preferred embodiment, the process of extruding the 
tubular liner includes the pressurizing of an expandable chamber. In a preferred 
embodiment, the expandable chamber is substantially cylindrical. In a preferred 
embodiment, the expandable chamber is substantially annular. 
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A method of forming a wellbore casing in a wellbore has also been described 
that includes drilling out the wellbore while forming the wellbore casing. In a 
preferred embodiment, the forming includes: expanding a tubular member in the 
radial direction. In a preferred embodiment, the expanding includes: displacing a 
5 mandrel relative to the tubular member. In a preferred embodiment, the displacing 
includes: expanding an expandable chamber. In a preferred embodiment, the 
expandable chamber comprises a cylindrical chamber. In a preferred embodiment, 
the expandable chamber comprises an annular chamber. 

A method of expanding a tubular member has also been described that includes 
10 placing a mandrel within the tubular member, pressurizing an annular region within 
the tubular member, and displacing the mandrel with respect to the tubular member. 
In a preferred embodiment, the method further includes removing fluids within the 
tubular member that are displaced by the displacement of the mandrel. In a 
preferred embodiment, the removed fluids pass inside the annular region. In a 
15 preferred embodiment, the volume of the annular region increases. In a preferred 
embodiment, the method further includes sealing off the annular region. In a 
preferred embodiment, sealing off the annular region includes sealing a stationary 
member and sealing a non-stationary member. In a preferred embodiment, the 
method further includes conveying fluids in opposite directions. In a preferred 
.20 embodiment, the method further includes conveying a pressurized fluid and a non- 
pressurized fluid in opposite directions. In a preferred embodiment, the pressurizing 
is provided at operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment, the pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallons/minute. 

•25 A method of coupling a tubular member to preexisting structure has also been 

: described that includes positioning the tubular member in an overlapping 

relationship to the preexisting structure, placing a mandrel within the tubular 
\ member, pressurizing an annular region within the tubular member, and displacing 

the mandrel with respect to the tubular member. In a preferred embodiment, the 



• • • • • 
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method further includes removing fluids within the tubular member that are 
displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the method 
further includes sealing off the annular region. In a preferred embodiment, sealing 
off the annular region includes sealing a stationary member and sealing a non- 
stationary member. In a preferred embodiment, the method further includes 
conveying fluids in opposite directions. In a preferred embodiment, the method 
further includes conveying a pressurized fluid and a non-pressurized fluid in opposite 
directions. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi. In a preferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 gallons/minute. 

A method of repairing a defect in a preexisting structure using a tubular 
member has also been described that includes positioning the tubular member in an 
overlapping relationship to the defect in the preexisting structure, placing a mandrel 
within the tubular member, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. In a 
preferred embodiment, the method further includes removing fluids within the 
tubular member that are displaced by the displacement of the mandrel. In a 
preferred embodiment, the removed fluids pass inside the annular region. In a 
preferred embodiment, the volume of the annular region increases. In a preferred 
embodiment, the method further includes sealing off the annular region. In a 
preferred embodiment, sealing off the annular region includes sealing a stationary 
member and sealing a non-stationary member. In a preferred embodiment, the 
method further includes conveying fluids in opposite directions. In a preferred 
embodiment, the method further includes conveying a pressurized fluid and a non- 
pressurized fluid in opposite directions. In a preferred embodiment, the pressurizing 
is provided at operating pressures ranging from about 0 to 9,000 psi. In a preferred 
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embodiment, the pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallons/minute. In a preferred embodiment, the method further includes sealing the 
interface between the preexisting structure and the tubular member at ends of the 
tubular member. 

5 An apparatus for radially expanding a tubular member has also been described 

that includes a first tubular member, a second tubular member positioned within the 
first tubular member, a third tubular member movably coupled to and positioned 
within the second tubular member, a first annular sealing member for sealing an 
interface between the first and second tubular members, a second annular sealing 
1 0 member for sealing an interface between the second and third tubular members, and 
a mandrel positioned within the first tubular member and coupled to an end of the 
third tubular member. In a preferred embodiment, the apparatus further includes 
an annular chamber defined by the first tubular member, the second tubular 
member, the third tubular member, the first annular sealing member, the second 
15 annular sealing member, and the mandrel In a preferred embodiment, the 
apparatus further includes an annular passage defined by the second tubular member 
and the third tubular member. In a preferred embodiment, the apparatus further 
includes a fluid passage contained within the third tubular member and the mandrel. 
In a preferred embodiment, the apparatus further includes one or more sealing 
*20 , members coupled to an exterior surface of the first tubular member. In a preferred 
] embodiment, the apparatus further includes an annular chamber defined by the first 

tubular member, the second tubular member, the third tubular member, the first 
annular sealing member, the second annular sealing member, and the mandrel, and 
annular passage defined by the second tubular member and the third tubular 
: 25 member. In a preferred embodiment, the annular chamber and the annular passage 
: are fluidicly coupled. In a preferred embodiment, the apparatus further includes one 

or more slips coupled to the exterior surface of the first tubular member. In a 
: preferred embodiment, the mandrel includes a conical surface. In a preferred 

embodiment, the angle of attack of the conical surface ranges from about 10 to 30 
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degrees. In a preferred embodiment, the conical surface has a surface hardness 
ranging from about 58 to 62 Rockwell C. 

An apparatus has also been described that includes a tubular member, a piston 
adapted to expand the diameter of the tubular member positioned within the tubular 
5 member, the piston including a passage for conveying fluids out of the tubular 
member, and an annular chamber defined by the piston and tubular member. In a 
preferred embodiment, the piston includes a conical surface. In a preferred 
embodiment, the angle of attack of the conical surface ranges from about 10 to 30 
degrees. In a preferred embodiment, the conical surface has a surface hardness 
10 ranging from about 58 to 62 Rockwell C. In a preferred embodiment, the tubular 
member includes one or more sealing members coupled to the exterior surface of the 
tubular member. 

A wellbore casing has also been described that includes a first tubular member 

and a second tubular member coupled to the first tubular member. The second 

15 tubular member is coupled to the first tubular member by the process of positioning 

the second tubular member in an overlapping relationship to the first tubular 

member, placing a mandrel within the second tubular member, pressurizing an 

annular region within the second tubular member, and displacing the mandrel with 

respect to the second tubular member. In a preferred embodiment, the wellbore 
• » 

• • • • # 

• , .20 casing further includes removing fluids within the second tubular member that are 
« • 

displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 

•«••.• volume of the annular region increases. In a preferred embodiment, the wellbore 

casing further includes sealing off the annular region. In a preferred embodiment, 

.25 sealing off the annular region includes sealing a stationary member and sealing a 

non-stationary member. In a preferred embodiment, the wellbore casing further 
including conveying fluids in opposite directions. In a preferred embodiment, the 

• • • • 

• 9 : wellbore casing further includes conveying a pressurized fluid and a non-pressurized 

• • • 

fluid in opposite directions. In a preferred embodiment, the pressurizing is provided 
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the pressurizing is provided at flew rates ranging from abont 0 to 3,000 
^^■^^^^^^^^^teapreexistingstrnetureand 
5 . tubn.ar member coupled to the preexisting structure. The tubuiar member is 
coupled to the preexisting structure by the process of: positioning the tubular 
m ember in an overlapping re.ationship to the preexisting structure, p acmg a 
a,andrel within the tubular member, pressurising an annular region wtthtn the 
tab ular m e m ber,anddi S p te i„ g themandre 1 withrespecttotbetubu.arme m e, In 

10 apreferredembodiment.theapparatusfurtherincludesremovingflmdsw.^nthe 
lub „,ar member that are displaced by the displacement o, the mandrel. In a 
preferred embodiment, the removed fluids pass inside the annular regton In . 
preferred embodiment, the volume of the annular region increases. In a preferred 
embodiment, the apparatua further includes sealing off the anmrlar regton. In a 

„ preferred embodiment, sealing off the annular region includes seahng . 

m ember and sealing a nomstationary member. In a preferred em odnuen, the 
apparatus further includes conveying fluids in opposite direction, In a preferred 

. en.bodiment.meapp^atusmrtherindudesconveyingapressnrizedflu.dandanon- 

• presaumedfluidinoppositedirections.lnapreferredembodiment.thepressunsmg 

■ embodimenMhep— fag is P mvidedatflowratesrangingfromabout0to3,000 

• 

gallons/minute. m 

An apparatus has also been described that inctades a preexistmg structure 

• havingadefective^tionandababmarmembercoupledtotbedefectiveporttono 
25 thepreexistingstmcture.Thetubmarmemberisceup.edtothedefectiveport.on^ 

i the preexisting structure by the process of: positioning the tubular member m an 

within the tabular member, pressurizing an annular regton wtthm the tubular 

• member, and displacing the mandrel with respect to the tubular member. In a 
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purred embodiment, the apparatus further includes removing 

bu ,ar memher that are disced b y the displacement of the mandre!. In 
purred embodiment, the removed fluids pass inside the annular regton In a 
preferred embodiment, the voiume of the annular region increases. In a preferred 
Lbodiment. the apparatus further include, sealing off the annular regmn In 
S„edemb.diment,eea,ingo ff theannu,ar region includes ^ a sta,^ 
Imber and seahng a non-stationar, member. In a preferred em odune 
apparatus further includes conveying fluids in opposite direcfons In a pre e ^ 
Idiment.theapparatasfurthermcludesconvevingapressun.edflmdandan^ 

' n M d fl mdinoppositedireottons.Inapre,erredembodiment,thep— n 

gaUona/nunute, In a preferred embodiment, the apparatus further mdude -tag 
t interface between the preexisting structure and the tubular member at ends of 



16 "tSU gatubularmemberhasalsobeendescribedthat— 
p,aoing a mandrel within the tubular memher, pressurizing a regton wthtn the 

at flow rates rating from about 0 to 3,000 gallon—. In a prefe «d 
embodiment, the tubular member ia expanded beginning at an upper port,on 

described that inCudes positioning the tubular member in an ove« 
refctlonsMp to the preexisting structure, placing a mandrel «*>»J£££ 

the mandrel with respect to the tubmar member. In a preferred embody nt, t 
pressur i aing i aprovid e datoperat i n g presauresrangingfromabou«0to9,000pa,.ln 
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,. . ™-,*surizine is provided at flow rates ranging from 
a preferred embod.men , ^ ^^LL^, the tubular member is 
about 0 to 3,000 gallons/mmute. In a preterrea em 
expanded beginning at an upper portion of the mbuUr n^ber 

A method of repairing a defeet in a preex.st.ng structure usmg a 

also been described that includes positioning the tubular member in an 
overiappingre.at.onab.ptothedefect P ^ ^ 

member, and displacing uie ODera ting pressures ranging 

10 rrrr:: - i- . * 3.0. ^— p -r^ 

15 tta T^ tadiauye.andingatubu.rmemberhaaa.sob,— 

.. — — Trail— - coupled to an end 
••" T^rril— !n a pmferreu embodiment, the mandrel 
20 . portion of the third tuou member. In a 

- includes 

the extenor surface of the thud tu ^ ^ ^ rf ^ 

mandrel includes a corneal surface. In a prefer. 
ot ,he conica. surface ranges from about 1 
embodiment, *e conical surface baa a surfac, hardness ™g. g^ 

n u nr In a preferred embodiment, the average ms.de diameter t 
Rockwell C. ma preier.c „t the third tubular 

tuhutar member is greater than the average *— 
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Anappar.tushasal.obeendescribedthatindudesatubular.namber.ap^n 

m ember the piston including a passage for conveying tads aut af the tubular 
in a preferred anient, tha piston includes a canica! surface, n 

tn to 30 desrees In a preferred embodiment, tha corneal surface has a surface 

i j ftT . mnre sealing members coupled to the exterior 

tubular member includes one or more sealing 

surface of the tubular member. 

Awel.horac^ngha.a^beendascribedtMtinc.udesafirsttubularmembe 

^ a ^tubular member coupled to the fust tubular member. The second 
- second tubular — « ^jTSL^- 

stjt^: - 

.P-dedatoperatingpreasurearan^— 
embodiment, the pressurizing is provided at flow rates rang. 

" UOn tlp^^ 

a Member coupled to the preens structure. The tubular ^ 
coupl ed to the preexisting structure b y tha proeeas ^ 
JLr in an overlapping relationahip te the prees,st,ng a 
Indrel within the tubular member, pressurising an tatenor reg.cn wthra *e 

L about 0 to 9,000 pel. In a preferred embodiment, the p— g - — - 
at now rates ranging from about 0 to 3,000 gallons/minute. 
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An apparatus has also been described that includes a preexisting structure 
having a defective portion and a tubular member coupled to the defective portion of 
the preexisting structure. The tubular member is coupled to the defective portion of 
the preexisting structure by the process of: positioning the tubular member in an 
overlapping relationship to the defect in the preexisting structure, placing a mandrel 
within the tubular member, pressurizing an interior region within the tubular 
member, and displacing the mandrel with respect to the tubular member. In a 
preferred embodiment, the pressurizing is provided at operating pressures ranging 
from about 0 to 9,000 psi. In a preferred embodiment, the pressurizing is provided 
at flow rates ranging from about 0 to 3,000 gallons/minute. In a preferred 
embodiment, the apparatus further includes sealing the interface between the 
preexisting structure and the tubular member at both ends of the tubular member. 

An apparatus also has been described that includes a first tubular member, a 
second tubular member, and a threaded connection for coupling the first tubular 
member to the second tubular member. The threaded connection includes one or 
more sealing members for sealing the interface between the first and second tubular 
members. In a preferred embodiment, the threaded connection comprises a pin and 
box threaded connection. In a preferred embodiment, the sealing members are 
positioned adjacent to an end portion of the threaded connection. In a preferred 
embodiment, one of the sealing members is positioned adjacent to an end portion of 
the threaded connection; and wherein another one of the sealing members is not 
positioned adjacent to an end portion of the threaded connection. In a preferred 
embodiment, a plurality of the sealing members are positioned adjacent to an end 
portion of the threaded connection. 

An apparatus also has been described that includes a tubular assembly having 
a first tubular member, a second tubular member, and a threaded connection for 
coupling the first tubular member to the second tubular member. The threaded 
connection includes one or more sealing members for sealing the interface between 
the first and second tubular members. The tubular assembly is formed by the process 
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of radially expanding the tubular assembly. In a preferred embodiment, the threaded 
connection comprises a pin and box threaded connection. In a preferred 
embodiment, the sealing members are positioned adjacent to an end portion of the 
threaded connection. In a preferred embodiment, one of the sealing members is 
positioned adjacent to an end portion of the threaded connection; and wherein 
another one of the sealing members is not positioned adjacent to an end portion of 
the threaded connection. In a preferred embodiment, a plurality of the sealing 
members are positioned adjacent to an end portion of the threaded connection. 

An apparatus also has been described that includes a tubular member and a 
mandrel positioned within the tubular member including a conical surface have an 
angle of attack ranging from about 10 to 30 degrees. In a preferred embodiment, the 
tubular member includes a first tubular member, a second tubular member, and a 
threaded connection for coupling the first tubular member to the second tubular 
member. The threaded connection includes one or more sealing members for sealing 
the interface between the first and second tubular members. In a preferred 
embodiment, the threaded connection comprises a pin and box threaded connection. 
In a preferred embodiment, the sealing members are positioned adjacent to an end 
portion of the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacent to an end portion of the threaded connection; and 
wherein another one of the sealing members is not positioned adjacent to an end 
portion of the threaded connection. In a preferred embodiment, a plurality of the 
sealing members are positioned adjacent to an end portion of the threaded 
connection. 

An expansion cone for expanding a tubular member has also been described 
that includes a housing including a tapered first end and a second end, one or more 
grooves formed in the outer surface of the tapered first end, and one or more axial 
flow passages fluidicly coupled to the circumferential grooves. In a preferred 
embodiment, the grooves comprise circumferential grooves. In a preferred 
embodiment, the grooves comprise spiral grooves. In a preferred embodiment, the 
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grooves are concentrated around the axial midpoint of the tapered portion of the 
housing. In a preferred embodiment, the axial flow passages comprise axial grooves. 
In a preferred embodiment, the axial grooves are spaced apart by at least about 3 
inches in the circumferential direction. In a preferred embodiment, the axial grooves 
extend from the tapered first end of the body to the grooves. In a preferred 
embodiment, the axial grooves extend from the second end of the body to the grooves. 
In a preferred embodiment, the axial grooves extend from the tapered first end of the 
body to the second end of the body. In a preferred embodiment, the flow passages are 
positioned within the housing of the expansion cone. In a preferred embodiment, the 
flow passages extend from the tapered first end of the body to the grooves. In a 
preferred embodiment, the flow passages extend from the tapered first end of the 
body to the second end of the body. In a preferred embodiment, the flow passages 
extend from the second end of the body to the grooves. In a preferred embodiment, 
one or more of the flow passages include inserts having restricted flow passages. In 
a preferred embodiment, one or more of the flow passages include filters. In a 
preferred embodiment, the cross sectional area of the grooves is greater than the 
cross sectional area of the axial flow passages. In a preferred embodiment, the cross- 
sectional area of the grooves ranges from about 2X10" 4 in 2 to 5X10' 2 in 2 . In a preferred 
embodiment, the cross-sectional area of the axial flow passages ranges from about 
2X10" 4 in 2 to 5X10" 2 in 2 . In a preferred embodiment, the angle of attack of the first 
tapered end of the body ranges from about 10 to 30 degrees. In a preferred 
embodiment, the grooves are concentrated in a trailing edge portion of the tapered 
first end. In a preferred embodiment, the angle of inclination of the axial flow 
passages relative to the longitudinal axis of the expansion cone is greater than the 
angle of attack of the first tapered end. In a preferred embodiment, the grooves 
include a flow channel having a first radius of curvature, a first shoulder positioned 
on one side of the flow channel having a second radius of curvature, and a second 
shoulder positioned on the other side of the flow channel having a third radius of 
curvature. In a preferred embodiment, the first, second and third radii of curvature 
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are substantially equal. In a preferred embodiment, the the axial flow passages 
include a flow channel having a first radius of curvature, a first shoulder positioned 
on one side of the flow channel having a second radius of curvature, and a second 
shoulder positioned on the other side of the flow channel having a third radius of 
curvature. In a preferred embodiment, the first, second and third radii of curvature 
are substantially equal. In a preferred embodiment, the second radius of curvature 
is greater than the third radius of curvature. 

A method of lubricating the interface between a tubular member and an 
expansion cone having a first tapered end and a second end during the radial 
expansion of the tubular member by the expansion cone, wherein the interface 
between the tubular member and the first tapered end of the expansion cone includes 
a leading edge portion and a trailing edge portion, has also been described that 
includes injecting a lubricating fluid into the trailing edge portion. In a preferred 
embodiment, the lubricating fluid has a viscosity ranging from about 1 to 10,000 
centipoise. In a preferred embodiment, the injecting includes injecting lubricating 
fluid into the first tapered end of the expansion cone. In a preferred embodiment, the 
injecting includes injecting lubricating fluid into the area around the axial midpoint 
of the first tapered end of the expansion cone. In a preferred embodiment, the 
injecting includes injecting lubricating fluid into the second end of the expansion 
cone. In a preferred embodiment, the injecting includes injecting lubricating fluid 
into the tapered first end and the second end of the expansion cone. In a preferred 
embodiment, the injecting includes injecting lubricating fluid into the interior of the 
expansion cone. In a preferred embodiment, the injecting includes injecting 
lubricating fluid through the outer surface of the expansion cone. In a preferred 
embodiment, the injecting includes injecting the lubricating fluid into a plurality of 
discrete locations along the trailing edge portion. In a preferred embodiment, the 
lubricating fluid comprises drilling mud. In a preferred embodiment, the lubricating 
fluid further includes TorqTrim III, EP Mudlib, and DrillN-Slid. In a preferred 
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A wellbore casing has also been described that includes one or more tubular 
members. Each tubular member includes an annular member having a wall 
thickness that varies less than about 8 %, a hoop yield strength that varies less than 
about 10 %, imperfections of less than about 8 %of the wall thickness, no failure for 
5 radial expansions of up to about 30 %, and no necking of the walls of the annular 
member for radial expansions of up to about 25%. 

A method of forming a wellbore casing also has been described that includes 
placing a tubular member and an expansion cone in a wellbore, and displacing the 
expansion cone relative to the tubular member. The tubular member includes an 

10 annular member having a wall thickness that varies less than about 8 %, a hoop yield 
strength that varies less than about 10 %, imperfections of less than about 8 % of the 
wall thickness, no failure for radial expansions of up to about 30 %, and no necking 
of the walls of the annular member for radial expansions of up to about 25%. 

A method of selecting a group of tubular members for subsequent radial 

15 expansion also has been described that includes radially expanding the ends of a 
representative sample of the group of tubular members, measuring the amount of 
necking of the walls of the radially expanded ends of the tubular members, and if the 
radially expanded ends of the tubular members do not exhibit necking for radial 
expansions of up to about 25%, then accepting the group of tubular members. 

20 A method of selecting a group of tubular members also has been described that 

includes radially expanding the ends of a representative sample of the group of 
tubular members until each of the tubular members fail, if the radially expanded ends 
of the tubular members do not fail for radial expansions of up to about 30%, then 
accepting the group of tubular members. 

25 A method of inserting a tubular member into a wellbore also has been 

described that includes injecting a lubricating fluid into the wellbore, and 
inserting the tubular member into the wellbore. In a preferred embodiment, the thod 
of claim 774, wherein the lubricating fluid comprises BARO-LUB GOLD-SEAL™ 
brand drilling mud lubricant. 
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Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it 
is appropriate that the appended claims be construed broadly and in a manner 
consistent with the scope of the invention. 

Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be 
understood to imply the inclusion of a stated integer or step or group of integers or steps but 
not the exclusion of any other integer or step or group of integers or steps. 

The reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgment or any form of suggestion that that prior art forms part of the common 
general knowledge in Australia. 
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The Claims Defining The Invention Are As Follows: 

1 . An expansion cone for expanding a tubular member, comprising: 

a housing including a tapered first end and a second end; 
5 one or more grooves formed in an outer surface of the tapered first end and 

adapted to supply a lubricant to the outer surface; and 

one or more axial flow passages fluidicly coupled to the grooves. 

2 . The expansion cone of claim 1, wherein the grooves comprise circumferential 
10 grooves. 

3. The expansion cone of claim 1 , wherein the grooves comprise spiral grooves. 

4 The expansion cone of any one of claims 1 to 3, wherein the grooves are 
15 concentrated around the axial midpoint of the tapered portion of the housing. 

5. The expansion cone of any one of claims 1 to 3, wherein the grooves are 
concentrated in a trailing edge portion of the tapered first end. 

20 6. The expansion cone of any one of the preceding claims, wherein the axial flow 
passages comprise axial grooves. 

7. The expansion cone of claim 6, wherein the axial grooves are spaced apart by at 
least about 3 inches (about 7.6 cm) in the circumferential direction. 

8 The expansion cone of claim 6 or 7, wherein the axial grooves extend from the 
tapered first end of the housing to the one or more grooves formed in the outer 
surface of the tapered first end. 

30 9 The expansion cone of claim 6 or 7, wherein the axial grooves extend from the 
second end of the housing to the one or more grooves formed in the outer surface 
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ofthe tapered first end. 

10. The expansion eone of elaim 6 or 7, wherein the axial grooves extend from the 
tapered first end of the housing to the second end of the housing. 

5 11. The expansion cone of any one of claims 1 to 5, wherein the flow passages are 
positioned within the housing. 

12. The expansion cone of claim 11, wherein the flow passages extend from the 
1 o tapered first end of the housing to the grooves. 

13. The expansion cone of claim 1 1, -herein the flow passages extend from the second 
end of the housing to the grooves. 

15 14 The expansion cone of any one of claims 11 to 13, wherein the flow passages 
extend from the tapered first end of the housing to the second end of the housmg. 

15 . The expansion cone ofany one of claims llto 14, -herein one or more of the flow 
passages include inserts having restricted flow passages. 

20 

16. The expansion cone ofany one of claims 11 to 15, wherein one or more of the flow 
passages include filters. 

17 The expansion cone ofany one of the preceding claims, wherein the cross sectional 
25 area of the grooves formed in the outer surface of the tapered first end »s greater 

than the cross sectional area of the axial flow passages. 



18 The expansion cone ofany one of the preceding claims, wherein the cross-sectional 
area of the grooves formed in the outer surface of the tapered first end ranges from 

30 



about 2X10- 4 in 2 to 5xl0" 2 in 2 (about I3xl0 4 cm 2 to 32xl0" 2 cm 2 ). 
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19. The expansion cone of any one of the preceding claims, wherein the cross-sectional 
area of the axial flow passages ranges from about 2X10" 4 in 2 to 5xl0" 2 in 2 (about 
13xl0- 4 cm 2 to32xl0" 2 cm 2 ). 



5 20. The expansion cone of any one of the preceding claims, wherein the angle of attack 
of the first tapered end of the housing ranges from about 10 to 30 degrees. 



21. The expansion cone of any one of the preceding claims, wherein the angle of 
inclination of the axial flow passages relative to the longitudinal axis of the 
10 expansion cone is greater than the angle of attack of the first tapered end. 



22. The expansion cone of any one of the preceding claims, wherein the grooves 
formed in the outer surface of the tapered first end include: 
a flow channel having a first radius of curvature; 
15 a first shoulder positioned on one side of the flow channel having a second 

radius of curvature; and 

a second shoulder positioned on the other side of the flow channel having a 
third radius of curvature. 



20 23. The expansion cone of claim 22, wherein the first, second and third radii of 
curvature are substantially equal. 

24. The expansion cone of any one of the preceding claims, wherein the axial flow 
passages include: 

25 a flow channel having a first radius of curvature; 

a first shoulder positioned on one side of the flow channel having a second 
radius of curvature and; 

a second shoulder positioned on the other side of the flow channel having a 
third radius of curvature. 

30 



25. The expansion cone of claim 24, wherein the first, second and third radii of 
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curvature are substantially equal. 

26. The expansion cone of claim 22 or 24, wherein the second radius of curvature is 
greater than the third radius of curvature. 

5 

27. Apparatus, comprising: 

a housing including a frustoconical portion and a cylindrical portion; 

one or more grooves formed in the outer surface of the frustoconical portion 
and adapted to supply a lubricant to the outer surface; and 
10 one or more axial flow passages formed in the housing fluidicly coupled to 

the grooves. 

The apparatus of claim 27, wherein the grooves comprise circumferential grooves. 

The apparatus of claim 27, wherein the grooves comprise spiral grooves. 

The apparatus of any one of claims 27 to 29, wherein the grooves are concentrated 
around the axial midpoint of the frustoconical portion of the housing. 

The apparatus of any one of claims 27 to 29, wherein the grooves are concentrated 
in a trailing edge portion of the frustoconical portion of the housing. 

The apparatus of any one of claims 27 to 31, wherein the axial flow passages 
comprise axial grooves formed within the outer surface of the housing. 

The apparatus of claim 32, wherein the axial grooves are spaced apart by at least 
about 3 inches (about 7.6 cm) in the circumferential direction. 

The apparatus of claim 32 or 33, wherein the axial grooves are formed within the 
outer surface of the frustoconical portion of the housing. 



28. 
15 29. 
30. 

20 31. 

32. 



• ••• 



25 



33. 



34. 



30 
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35. The apparatus of claim 32 or 33, wherein the axial grooves are formed within the 
outer surface of the cylindrical portion of the housing. 

36. The apparatus of claim 32 or 33, wherein the axial grooves are formed within the 
5 outer surface of the frustoconical and cylindrical portions of the housing. 

37. The apparatus of any one of claims 27 to 31, wherein the flow passages are 
positioned within the housing. 

10 38. The apparatus of claim 37, wherein the flow passages are positioned within the 
frustoconical portion of the housing. 

39. The apparatus of claim 37, wherein the flow passages are positioned within the 
cylindrical portion of the housing. 

15 

40. The apparatus of claim 37, wherein the flow passages are positioned within the 
frustoconical and cylindrical portions of the housing. 

41. The apparatus of any one of claims 37 to 40, wherein one or more of the flow 
20 passages include inserts having restricted flow passages. 

42. The apparatus of any one of claims 37 to 41, wherein one or more of the flow 
passages include filters. 

25 43. The apparatus of any one of claims 27 to 42, wherein the cross sectional area of the 
grooves formed in the outer surface of the frustoconical portion of the housing is greater 
than the cross sectional area of the axial flow passages. 



30 



44. The apparatus of any one of claims 27 to 43, wherein the cross-sectional area of the 
grooves formed in the outer surface of the frustoconical portion of the housing ranges from 
about 2X10" 4 in 2 to 5xl0" 2 in 2 (about 13x1 (TV to 32xl0- 2 cm 2 ). 
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45. The apparatus of any one of claims 27 to 44, wherein the cross-sectional area of the 
axial flow passages ranges from about 2x10** in 2 to 5xl0" 2 in 2 (about OxlO^cm 2 to 32x1 0" 2 



• • • • 
• • • # 
•• • • 



• • 
• • • • 
• • • 



cm 2 ). 



46. The apparatus of any one of claims 27 to 45, wherein the angle of attack of the 
frustoconical portion of the housing ranges from about 10 to 30 degrees. 

47. The apparatus of any one of claims 27 to 46, wherein the angle of inclination of the 
10 axial flow passages relative to the longitudinal axis of the housing is greater than the angle 

of attack of the frustoconical portion of the housing. 

48. The apparatus of any one of claims 27 to 47, wherein the grooves formed in the 
outer surface of the frustoconical portion of the housing include: 

1 5 a flow channel having a first radius of curvature; 

a first shoulder positioned on one side of the flow channel having a second 
radius of curvature; and 

a second shoulder positioned on the other side of the flow channel having a 
third radius of curvature. 

20 

49. The apparatus of claim 48, wherein the first, second and third radii of curvature are 
substantially equal, 

50. The apparatus of any one of claims 27 to 49, wherein the axial flow passages 
25 include: 

a flow channel having a first radius of curvature; 

a first shoulder positioned on one side of the flow channel having a second 
radius of curvature and; 

a second shoulder positioned on the other side of the flow channel having a 
30 third radius of curvature. 
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51. The apparatus of claim 50, wherein the first, second and third radii of curvature are 
substantially equal. 

52. The apparatus of claim 48 or 50, wherein the second radius of curvature is greater 
5 than the third radius of curvature. 

53 The apparatus of any one of claims 27 to 52, fiurther comprising: 

a tubular member coupled to the outer surfaces of the frustoconical and 

cylindrical portions of the housing. 

54. The apparatus of claim 53, wherein the tubular member compnses; 
an annular member, including the properties of: 

a wall thickness that varies less than about 8%; 
a hoop yield strength that varies less than about 1 0%; 
15 imperfections of less than about 8% of the wall thickness; 

no failure for radial expansions of up to about 30%; and 

no necking of the walls of the annular member for radial expansions 

ofuptoabout25%. 

20 55. mapparan.ofo.aimSSorS^whe.intkn.bularmemhrcomprisesawe.lbc.re 
casing. 

56. The apparatus of claim 53 or 54, wherein the tubular member comprises a pipeline. 



25 57. The apparatus 
structural support. 



of claim 53 or 54, wherein the tubular member comprises a 



58 Apparatus for radially expanding a tubular member, comprising: 

a tubular support member defining a first longitudinal passage extending 

30 therethrough; 

an expansion cone coupled to the tubular support member compnsmg: 
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a housing including a tapered first end and a second end and 
defining a second longitudinal passage extending therethrough that is fluidicly coupled to 
the first longitudinal passage; 

one or more grooves formed in the outer surface of the tapered first 
5 end and adapted to supply a lubricant to the outer surface; and 

one or more axial flow passages fluidicly coupled to the grooves; 
an expandable tubular member movably coupled to the tapered first 
end of the expansion cone; and 

means for displacing the expansion cone relative to the expandable tubular 

10 member. 

59. The apparatus of claim 58, wherein the grooves comprise circumferential grooves. 

60. The apparatus of claim 58, wherein the grooves comprise spiral grooves. 

15 

61. The apparatus of any one of claims 58 to 60, wherein the grooves are concentrated 
around the axial midpoint of the tapered portion of the housing. 

62. The apparatus of any one of claims 58 to 60, wherein the grooves are concentrated 
20 in a trailing edge portion of the tapered first end. 

63. The apparatus of any one of claims 58 to 62, wherein the axial flow passages 
comprise axial grooves. 

25 64. The apparatus of claim 63, wherein the axial grooves are spaced apart by at least 
about 3 inches (about 7.6 cm) in the circumferential direction. 



30 



65. The apparatus of claim 63 or 64, wherein the axial grooves extend from the tapered 
first end of the housing to the one or more grooves formed in the outer surface of the 
tapered first end. 
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66. The apparatus of claim 63 or 64, wherein the axial grooves extend from the second 
end of the housing to the one or more grooves formed in the outer surface of the tapered 
first end. 



••• 



• • 
• • • • 
•• • • 



•••• 
• • 
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5 67. The apparatus of claim 63 or 64, wherein the axial grooves extend from the tapered 
first end of the housing to the second end of the housing. 

68. The apparatus of any one of claims 58 to 62, wherein the flow passages are 
positioned within the housing of the expansion cone. 

10 

69. The apparatus of claim 68, wherein the flow passages extend from the tapered first 
end of the housing to the grooves. 

70. The apparatus of claim 68, wherein the flow passages extend from the second end 
1 5 of the housing to the grooves. 

71. The apparatus of any one of claims 68 to 70, wherein the flow passages extend 
from the tapered first end of the housing to the second end of the housing. 

20 72. The apparatus of any one of claims 68 to 71, wherein one or more of the flow 
passages include inserts having restricted flow passages. 

73. The apparatus of any one of claims 68 to 72, wherein one or more of the flow 
passages include filters. 



25 



74. The apparatus of any one of claims 58 to 73, wherein the cross sectional area of the 
grooves formed in the outer surface of the tapered first end is greater than the cross 
sectional area of the axial flow passages. 



30 75. The apparatus of any one of claims 58 to 74, wherein the cross-sectional area of the 
grooves formed in the outer surface of the tapered first end ranges from about 2X10" 4 in 2 to 
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5xl0" 2 in 2 (about DxlO^cm 2 to 32xl0 2 cm 2 ). 

* !«;«,« to 75 wherein the cross-sectional area of the 
76 . Theappara^sofanyoneofcla^ ^ 

axial flow passages ranges from about 2x10 in to 5x10 l 
5 cm 2 ). 

„ The appals of an, 0. of oUinss » - ' - — * «* 

ta^ed end of .he housing range* from abon, 10 » 30 degrees. 

, , • « tn 7i wherein the angle of inclination of the 

the angle of attack of the first tapered end. 

* t • « m 78 wherein the grooves formed in the 
79. The apparatus of any one of claims 58 to 78, wherein 

15 outer surface of the tapered first end include: 

a first shoulder positioned on one side oi uie 

of curvature; and channel having a third 

a second shoulder positioned on the other side of the flow 

20 radius of curvature, 
substantially equal, 
include: 

a flow channel having a first radius of curvature; 

a Z shonide, positioned on one side of «he flow channe, having a seeond B d,us 
30 "oi Pos,oned„n 1 heo 1 he ( sideofd,eflowoh a nne,havi„ga t hhd 

radius of curvature. 



P:\OPER\PHHV2362549 propowfcliimi.<loc-23«3A)4 



-317- 



82. The apparatus of claim 81, wherein the first, second and third radii of curvature are 
substantially equal. 

83. The apparatus of claim 79 or 81, wherein the second radius of curvature is greater 
than the third radius of curvature. 

84. An expansion cone substantially as hereinbefore described with reference to the 
accompanying drawings. 

85. The apparatus of claim 27 substantially as hereinbefore described with reference to 
the accompanying drawings. 

86. The apparatus of claim 58 substantially as hereinbefore described with reference to 
the accompanying drawings. 

Dated this 23 rd day of March 2004 

Shell Internationale Research Maatschappij B.V. 

By Its Patent Attorneys 

DAVIES COLLISON CAVE 
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